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PREFACE  TO  THE  AMERICAN  EDITIOK. 


The  System  of  Philosophy  now  m  conrse  of  publication  by 
Mr.  Hebbsbt  Spenceb  begins  with  a  volume  of  Jilrat  Prind' 
ples^  which  was  republished  in  this  country  a  year  or  two 
since.  The  subject  of  Biology  comes  next  in  order,  and  is  to 
be  treated  in  two  volumes,  of  which  the  present  is  the  first ; 
Volume  n.  will  probably  appear  toward  the  close  of  the  year. 
In  accordance  with  the  author's  plan,  the  doctrine  or  method 
of  Evolution  unfolded  in  First  Principles  and  applied  to  Biol- 
ogy in  the  present  work,  will  be  carried  out  in  the  subsequent 
treatment  of  the  Principles  of  Psychology  and  the  Principles 
of  Sociology'. 

In  the  preface  to  the  English  edition,  Mr.  Spencer  remarks : 

"  The  aim  of  this  work  is  to  set  forth  the  general  truths  of 
Biology,  as  illustrative  of,  and  as  interpreted  by,  the  laws  of 
Evolution :  the  special  truths  being  introduced  only  so  far  as 
is  needful  for  elucidation  of  the  general  truths. 

"  For  aid  in  executing  it,  I  owe  many  thanks  to  Prof  Hux- 
ley and  Dr.  Hooker.  They  have  supplied  me  with  information 
where  my  own  was  deficient;  and  in  looking  through  the 
proof-sheets,  have  pointed  out  errors  of  detail  into  which  I 
had  fallen.  By  having  kindly  rendered  me  this  valuable  assist- 
ance, they  must  not,  however,  be  held  committed  to  any  of 
the  enunciated  doctiines  that  are  not  among  the  recognized 
tiuths  of  Biology." 

New  Yokx,  Marek^  1866. 
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PAKT  I. 
THE  DATA  OF  BIOLOOr 


«         OBGAHIC  lUITER. 

§  I.  Of  the  four  chief  elements  which,  ia  Tarions  com- 
binations,  make  up  living  bodies,  three  are  gaseous.  While 
carboD  is  known  only  as  a  solid,  oxygen,  hydrogen,  and 
nitn^ea  habitually  maintain  the  aeriform  slate.  Only  by 
intense  pressures  joined  with  extreme  refrigerations  have 
two  out  of  the  three  (some  say  all)  been  reduced  to  the  liquid 
form.  There  is  a  certain  significance  in  this.  When  wa 
remember  how  those  re-djstrihutions  oC  Matter  and  Motion 
which  constitute  Evolution,  structural  and  functional,  imply 
motions  in  the  units  that  are  re-dietributed ;  we  shall  see  a 
probable  meaning  in  the  fact  that  organic  bodies,  which 
exhibit  the  phenomena  of  Evolution  in  so  high  a  degree,  are 
mainly  composed  of  ultimate  units  having  extreme  mobility. 
The  properties  of  sabstaoces,  though  destroyed  to  sense  by 
combination,  are  not  destroyed  in  reality;  it  follows  from  the 
persistence  of  force,  that  the  properties  of  a  compound  are 
remltants  of  the  properties  of  its  components — remdtanta  in 
which  the  properties  of  the  componenta  are  severally  in  full 
action,  though  greatly  obscured  by  each  other.  One  of  the 
leading  properties  of  each  substance  is  its  degree  of  molecular 
mobility;  and  its  degree  of  molecular  mobility  more  or 
less  sensibly  aSects  the  molecular  mobilities  of  the  various 
compounds  into  which  it  enters.  Hence  we  may  infer  some 
relation  between  the  gaseous  form  of  three  out  of  the  foui 
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clii'of  organic  clemciits,  and  that  comparutivo  rcadineas  ( 
played  by  organic  nwlUira  to  undergo  those  cliangea  in  tli« 
arrangement  of  parts  whtcli  we  call  devilopment,  and  thoae 
transform atioQS  of  motion  which  wo  «iU  function. 

Considering  them  chemically  instead  of  physically,  it  J 
to  be  remarked  that  three  out  of  thoee  four  main  coinponentl 
of  organic  motlcr,  have  affinities  which  are  narrow  in  thea 
range  and  low  in  their  intensity.  Hydrogen  cotnhines  will 
rompHralively  few  other  elements ;  and  such  chemical  energ 
fta  it  does  show,  is  scarcely  at  all  shown  within  the  limits  t 
the  organic  temporaturca.  Of  carbon  it  may  similarly  be  said 
that  it  is  totally  inert  at  ordinary  heals  ;  that  the  number  of 
substances  with  which  it  unites  is  not  great ;  and  that  in 
most  cases  its  tendency  to  unite  with  them  is  biit  feeblu. 
Lastly,  this  chemical  indifTerence  is  shown  in  the  highest 
dcgroe  by  nitrogen — an  element  which,  as  wo  ahall  bore- 
aiter  see,  plays  tho  leading  part  in  organic  changes. 

Among   the  organic  dements,  including  under  the  titl 
not  only  th«  four  chief  ones,  but  also  the  less  conspicuous  n 
maindcr,  that  capability  of  assuming  diSerent  stutoe,  ealL 
ollotropitim,  In  frdjuwit.     Carbon  presents  iUolf  in  the  thrct] 
unlike  conditions  of  diamond,  graphite,  and  charcooL     Under 
certain  circumstanees,  oxygen  takes  on  the  form  in  which  it 
t  called  o^tono.     Sulphur  and  phosphorus  (both,  in  small 
proportion!,  csocnlial  constituents  of  organic  matt«r)  hure 
•llotropic   moil  ideations,     Silicon,    too,    is  allotropic ;  whQo 
its  oxide,  silica,   which  is   nn  indisponiuibla  constituent    of 
nany  lower  organisms,  osbibita  the  analogue  of  ollotropisox 
— isomerism.     And  cv^n  oi'  the  iron  which  plaj-s  an  urUV) 
part  in  higher  orguni^mit,  and  a  paaaive  part  in  aom 

I  ones,  it  may  bo  sold  that  though  not  known  to  be  itself  allb 
tropic,  yet  iaomcriitm  charactorixos  those  oompounds  of  it  tJ 
uv  found  in  living  bodies.  Altutropium  being  interprctabi 
is  somo  cbanga  of  molecular  arrangement,  this  freiiui-l 
of  it*  occnrrvnco  among  tho  corai>«>iwuts  of  organic  niatt* 
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One  more  fact,  that  is  here  of  great  interest  for  us,  must 
be  set  down.  These  four  elements  of  which  organisms  are. 
almost  wholly  composed,  present  ns  with  certain  extreme 
antitheses.  While  between  two  of  them  we  have  an  unsur- 
passed contrast  in  chemical  activity ;  between  one  of  them 
and  the  other  three,  we  have  an  unsurpassed  contrast  in 
molecular  mobility.  .  While  carbon,  by  successfully  resisting 
fusion  and  volatilization  at  the  highest  temperatures  that  can 
be  produced,  shows  us  a  degree  of  atomic  cohesion  greater 
than  that  of  any  other  known  element,  hydrogen,  oxygen,  and 
nitrogen,  show  the  least  atomic  cohesion  of  all  elements.  And 
while  oxygen  displays,  alike  in  the  range  and  intensity  of  its 
affinities,  a  chemical  energy  exceeding  that  of  any  other 
substance  (unless  fluorine  be  considered  an  exception),  ni\:rogen 
displays  the  greatest  chemical  inactivity.  Now  on  calimg  to 
mind  one  of  the  general  truths  arrived  at  when  analyzing 
the  process  of  Evolution,  the  probable  significance  oi  this 
double  difference  will  be  seen.  It  was  shown  (First  Principles^ 
§  123)  that,  other  thmgs  equal,  unlike  units  are  more  easily 
separated  by  incident  forces  than  like  units  are — that  an  inci- 
dent force  falling  on  units  that  are  but  little  dissimilar  does 
not  readily  segregate  them ;  but  that  it  readily  segregates 
them  if  they  are  widely  dissimilar.  Thus,  these  two  extreme 
contrasts,  the  one  between  physical  mobilities,  and  the  other 
between  chemical  activities,  fulfil,  in  the  highest  degree,  a 
certain  further  condition  to  facility  of  differentiation  and  in- 
tegration. 

§  2.  Among  the  binary  combinations  of  these  four  chief 
organic  elements,  we  find  a  molecular  mobility  much  less 
than  that  of  these  elements  themselves ;  at  the  same  time 
that  it  is  much  greater  than  that  of  binary  compounds  in 
generaL  Of  the  two  products  formed  by  the  union 

of  oxygen  with  carbon,  the  first,  called  carbonic  oxide,  which 
contains  one  atom  of  carbon  to  one  of  oxygen  (expressed  by 
the  symbol  C  0),  is  an  incondensible  gas ;  and  the  second 
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cu-bonio  aoid,  oontuSiiing  au  additional  atom  of  oxygen  (CO 
assuiitca  a  liquid  form  only  under  a  pressure  of  ncorly  forty  * 
Rlinusplicres.  TliesevcrjJ  compounds  of  oxygen  with 

nitrogen,  presout  ua  wilJi  an  instructive  gradation.    Protoxide 
of  nitrogen,  whiclf  conlaina  one  atom  of  each  clement  (N  0),  — 
is  D  gus  condonsible  only  under  a  pressure  of  some  tifty  alM 
inosp1iore«  ;    doutoxide  of  nitrogen  (N  0^  is  a  gas  hitherl 
uncondunacd  (the  molecular  mobility  remaining  undiminished ' 
in  consetiuence  of  the  volume  of  the  united  gases  remaining 
unchongod) ;  nitrous  acid   (N   0,)   is  gaseous  at  ordinary 
ttfwjtcTuturos,  liut  condenses  into  a  very  volatile  liquid  at  the 
rero  of  Fahrenheit ;  peroxide  of  nitrogen  (N  0,)  is  gaseous  at 
71%  liquid  bctwoen  that  and  16°,  and  becomes  solid  at  a  tem- 
perature below  this ;  while  nitric  acid  (NO,)  maybe  oblainec 
in  oryatals  whieh   molt  at  Sy  and  boil  at  lia°.     In  thi 
aeriea  we  see,  tbouj^h  not  with  complete  unil'orroity,  a  C 
crease  of  molecular  mobility  as  tlio  wcjghta  of  the  compound 
moleculn  are  increosul.  The  liydro-carbons  illus- 

trate the  same  grnerul  truth  still  better.  One  series  of  them 
will  aufUce.  Marsh  gaa  (C,  H,)  is  permanently  gast 
Olfdant  KW  (C,  H,)  may  be  liquefied  by  preasure. 
gas,  which  is  identical  with  oleKuut  gas  in  the  proportio 
of  ita  c-onstituents  but  has  double  the  atomio  weight.  (<*,  I~ 
becomes  liquid  without  pressure  at  the  zero  of  Fahrcnhei 
AmyloDc  (U,„Hm)  ia  a  liquid  which  boils  to  10^.  And  tlie  si 
ccsaivt'ly  higher  multiples,  caproylene  (0„  S,,),  caprylm 
(C..  H„).  el<wno(C„  M„)and  [xirumylcne  (C„H„),ai«  liqui 
which  boil  respeclivuly  at  102",  I  HI  *,  257%  ZaCC,  and  I  " 
Cetyleno  (C^  Hn)  >a  a  liquid  which  boila  at  6'2T* ;  while  ] 
niffine  (C„  1I„)  and  mylone  (C.  H^)  are  solida. 
one  compound  of  bydnigvn  with  nitrogen  haa  been  obtaini 
in  •  free  stale— ammnntn  (H,  N) ;  and  thiii,  which  ia  gnucoia 
i>  Uquvfiablo  by  pressure,  or  by  reducing  iu  tvmiwratura 
— 40*  F.  In  cyanogen,  which  ia  composed  of  nil 

Ken  and  carbon  (N  CJ,  we  have  a  gas  that  bccomee  liquid  «l^ 
of  four  fttmo<pha]««  and  aolid  ul  — 30*  F.    And,  ia 
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paracyanogen,  formed  of  the  same  proportions  of  these  ele* 
ments  in  higher  multiples  (N,  C,),  we  have  a  solid  which  does 
not  fiise  or  volatilize  at  ordinary  temperatures.  Lastly, 

in  the  most  important  member  of  this  group,  water,  (H  O 
or  else  as  many  chemists  now  think  H,  O^  we  have  a  com* 
pound  of  two  incondensible  gases  which  assumes  both  tha 
fluid  state  and  the  solid  state  within  ordinary  ranges  of 
temperature ;  while  its  molecular  mobility  is  still  such  that 
its  fluid  or  solid  masses  are  continually  passing  into  the  form 
of  vapour,  though  not  with  great  rapidity  until  the  temper- 
ature is  raised  to  212^.* 

Considering  them  chemically,  it  is  to  be  remarked  of 
these  binary  compounds  of  the  four  chief  organic  elements, 
that  they  are,  on  the  average,  less  stable  than  binary  com- 
pounds in  general  Water,  carbonic  oxide,  and  carbonic 
acid,  are,  it  is  true,  difficult  to  decompose.  But  omitting 
these,  the  usual  strength  of  union  among  the  elements  of  the 
above-named  substances  is  low  considering  the    simplicity 

*  This  immense  loss  of  molecular  mobility  which  oxygen  and  hydrog^en  un- 
dergo on  uniting  to  form  water — a  loss  far  greater  than  that  seen  in  other  binary 
compounds  of  analogous  composition — suggests  the  conclusion  that  the  atom  of 
water  is  a  multiple  atom.  Thinking  that  if  this  conclusion  be  true,  some  oTidenoe 
of  the  fact  must  be  afforded  by  the  heat-absorbing  power  of  aqueous  Tapour, 
I  lately  ."put  the  question  to  ProfL  Tyndall,  whether  it  resulted  from  his  ex- 
periments that  the  vapour  of  water  absorbs  more  heat  than  the  supposed  sim- 
plicity of  its  atom  would  lead  him  to  expect.  I  learned  from  him  that  it  hat  an 
excessiye  absorbent  power — an  absorbent  power  more  like  that  of  the  complez- 
atomed  Tapours  than  like  that  of  the  simple-atomed  vapours — an  absorbent 
power  that  therefore  harmonizes  with  the  supposition  that  its  atom  is  a  multiple 
one.  Besides  this  anomalous  loss  of  molecular  mobility  and  this  anomalous  heat- 
absorbing  power,  there  are  other  facts  which  countenance  the  supposition.  The 
unparalleled  erolntion  of  heat  dnring  the  combination  of  oxygen  and  hydrogen  is 
•He.  Another  is  that  exceptional  property  which  water  possesses,  of  beginning  to 
expand  when  its  temperature  is  lowered  below  40' ;  since  this  exceptional  property 
is  explicable  only  on  the  assumption  of  some  change  of  mol  ocular  arrangement — a 
ehango  which  is  comprehensible  if  the  molecules  are  multiple  ones.  And  yet  a 
farther  confirmatory  fact  is  the  ability  of  water  to  assume  a  colloid  condition ;  for 
as  this  implies  a  capacity  in  its  atoms  for  aggregating  into  high  multiples,  it 
tuggests,  by  analogy  with  known  cases,  that  they  have  a  capacity  for  aggregating 
taio  lower  wiltiplea. 
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of  tlie  Bubslancee.  With  the  exception  of  acetylene, 
Tiinous  liydro-carbona  are  not  producible  by  directly  cot 
biniDg  their  elcmeDts ;  aud  llie  elements  of  most  of  them  a 
readily  sepuratcd  by  heat  without  tho  aid  of  any  antagonistil 
affinity.  Nitrogen  and  hydrogen  do  not  unite  with  each 
other  immediately ;  and  the  ammonia  which  reaulU  from 
their  mediate  union,  though  it  resist*  heat,  j-iolds  to  the 
electric  Bpark.  Cyanogen  is  stable  :  not  being  resolvod  into 
its  components  at  a  rod  hciit,  uiileas  in  iron  Tcssela.  Much 
lesa  fitnble  however  arc  the  several  oxides  of  nitrogen.  The 
protoxiile,  it  is  true,  diMW  not  yield  up  iis  elomeiiU  below  a 
red  heat ;  but  nitrotu  acid  cannot  exist  if  water  be  added  to 
it ;  hypo-nitric  acid  is  decomposed  both  by  water  and  by 
contact  with  the  various  bases ;  and  nitric  acid  not  onlfl 
readily  parts  with  its  oxygen  to  many  metaU,  but  whc^ 
anhydrous,  spontaneously  decomposes.  Here  it  i 

be  well  to  note,  ax  having  a  Ix^ritig  on  vhat  is  to  follow,  hov 
charncttiristiti  of  most  niirugenoos  eompounda  is  this  siiecial 
instability.  In  all  tho  familiar  cases  of  sudden  and  violent 
dccomposilion,  thu  changi;  is  duo  to  the  pretwnce  of  nitrogen. 
Tho  explosion  of  gunpowder  results  from  the  readiness  with 
which  the  nitro^n  contained  in  the  nitrate  of  [Kitash,  yielda 
ap  tlio  oxygon  combined  with  it.  The  explosion  of  guii>c 
■  t«o,  which  also  contains  nitric  acid,  is  a  substanlially  | 
I'ltil  phenomenon.  I'be  ranoua  fulminating  salts  arc  i 
formed  by  the  union  with  metals,  of  a  certain  nitrogenous 
aci(l  onlli-d  fulminic  acid  ;  which  is  aounstublu  that  it  cannot 
be  obtained  in  a  scpamto  state.  Exploaiveuess  is  a  pro[>ertj 
of  nitm-mannite,  and  also  of  nttro-glycerin.  Iodide  of  nitrogi 
drtonatuson  thn  slightest  touch,  and  nlWn  without  any  ii 
ihle  cause.  I'ercuasion  produces  detonation  in  sulphide  i 
aitrogen.  Aud  the  body  which  cxpltnlrs  with  (he  mol 
ttvntenilous  violEnc«  of  any  that  is  known,  ht  the  nhlnrido  4 
nitrogttD.  Thus  theou  easy  and  rapid  deo<jmpa»itions,  duo  i 
titv  cbemicttl  indifference  of  nitrogen,  are  churuclerii 
When  WD  coma  hereafter  to  observe  the  part  which  uilroiH 
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(Jays  in  organic  actions,  we  shtdl  see  the  significanoe  of  tiiu 
extreme  readiDess  sbown  by  its  compounds  to  undergo 
change.  I!,eturning  from  tbeee  facts  parenthetically 

introduced,  we  have  next  to  note  that  though  among  these 
binary  compoonda  of  the  four  chief  organic  elements,  there 
are  a  few  active  ones,  yet  the  majority  of  them  display  a 
■mailer  degree  of  chemical  energy  than  the  average  of  binary 
compounds.  Water  is  the  most  neutral  of  bodies  ;  usually  pix>- 
ducing  little  chemical  alteration  in  the  substances  with  which 
it  combines ;  and  being  expelled  from  most  of  its  combinations 
by  a  moderate  heat.  Carbonic  acid  is  a  relatively  feeble  acid : 
the  carbonates  being  decomposed  by  the  majority  of  other  acids 
and  by  ignition.  The  Tarions  hydro-carbons  are  but  narrow 
in  the  range  of  their  comparatively  weak  affinities.  The 
componnds  formed  by  ammonia  have  not  much  stability :  they 
are  readily  destroyed  by  heat,  and  by  the  other  alkalies. 
The  affinities  of  cyanogen  are  tolerably  btrong;  though  they 
yield  to  tbose  of  the  chief  acids.  Of  the  several  oxides  of  ni- 
trogen it  is  to  be  remarked,  that  while  those  containing  the 
smaller  proportions  of  oxygen  are  chemically  inert,  that  con- 
taining the  gi"eatest  proportion  of  oxygen  (nitric  acid)  though 
chemically  active,  in  consequence  of  the  readincfts  with  which 
one  part  of  it  gives  np  its  oxygen  to  oxidize  a  base  with 
whidi  the  rest  combines,  is  nevertheless  driven  from  all  itd 
combinations  by  a  red  heat. 

These  binary  compounds,  like  their  elements,  arc  to  a  con- 
•iderable  degree  characterized  by  the  prevalence  among 
them  of  allotropism ;  or,  as  it  is  more  usually  called  when 
displayt^l  by  compound  bodies — isomerism.  Professor  Graham 
finds  reason  ibr  thinking  that  a  change  in  atomic  arrange- 
ment of  this  nature,  takes  place  in  water,  at  or  near  the 
melting  point  of  ice.  The  relation  between  cyanogen  and 
paracyanogen  is,  as  we  saw,  an  isomeric  one.  In  the  above- 
named  series  of  hydro-carbons,  differing  from  each  other  only 
in  the  multiples  in  which  the  elements  are  united,  we  find 
isomerism  becoming  what  is  distinguished  as  polymerisna. 
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The  like  U  still  moro  conspicuoiu  in  otbor  groopa  of  I 
hydro-carbon 8,  as  in  tho  csacntial  oils:  sixteen  to  twenty  o 
which  are  severally  isomeric  with  esseniial  oil  of  turpentino- 
ITere  the  particular  Iciud  of  molecular  mobility  implied  by 
ttiBso  metamorphoses,  is  well  shown :  essential  oil  of  turpen- 
tine being  convertod  into  a  mixture  of  soverul  of  these  poly- 
muriiles,  by  nmplo  exposure  to  a  heat  of  460°. 

There  is  one  further  fact  respecting  these  binary  compound* 
of  tho  four  cliief  organic  elemenls,  which  must  not  bo  over- 
looked. Those  of  them  which  form  parts  of  the  living  tissues 
of  plants  and  animals  (excluding  water  which  has  a  me- 
chanical function,  and  carbonic  acid  which  is  a  product  of 
decomposition)  are  confined  to  one  group — the  hydro- carbons. 
And  of  this  group,  wliicli  is  on  tho  average  characterized  by 
compnmtivD  instability  and  inertness,  those  hydro-carbons 
found  in  living  tissues,  nro  among  tho  most  unstable  and 
inert. 

g  3.  Passing  now  to  the  snttstcncea  which  contain  three 
of  these  chief  orgnnia  elements,  wo  have  first  to  note  tliut 
along  with  tho  greater  atomic  weight  which  mostly  accora- 
pnni(.'«  their  increased  complexity,  there  is,  on  the  average,  a 
further  marked  decrease  of  molecular  mobility.  Scarcely  any 
of  them  maintain  a  gaseous  state  at  ordinary  tempo  rat  u  res. 
One  class  of  them  only,  the  alcohols  and  their  derivatives, 
ovaponite  under  the  usual  atmospheric  pressure;  but  nut 
rapidly  unices  heated,  llie  fixed  oils,  though  they  show  that 
mtJecular  mobility  implied  by  an  habitually  liquid  slate, 
■bow  this  in  a  lower  degrco  than  the  alcoholic  comjxjuudH ; 
and  they  cannot  bo  reduced  to  the  gaseous  slato  without  de- 
comiioaition.  In  their  olliei,  the  fats,  which  aro  aoliil  nnlesa 
heated,  the  1o«b  of  moWuUr  mobility  is  still  mciru  marked. 
And  throughout  tho  whole  series  of  the  fatty  acids,  in  which 
to  a  fixed  proportion  of  oxygon  there  are  successively  uddi^d 
higher  equimultiples  of  carbon  and  hydrogen,  we  see  liow 
Uw  molecular  mobility  decreoaes  with  the  Increasing  sizes  of 
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the  atoDUL  In  the  amylaceous  and  saccharine  group  of  oom- 
poundsy  solidity  is  the  habitual  state :  such  of  them  as  can 
assume  the  liquid  form,  doing  so  only  when  heated  to  SOO*"  or 
400**  F. ;  and  decomposing  when  further  heated,  rather  than 
become  gaseous.  Resins  and  gums  exhibit  general  physical 
properties  of  like  character  and  meaning. 

Tn  chemical  stability  these  ternary  compounds,  considered 
as  a  group,  are  in  a  marked  degree  below  the  binary  ones. 
The  yarious  sugars  and  kindred  bodies,  decompose  at  no  very 
high  temperatures.  The  ^ils  and  fats  are  also  readily  carbon- 
ized by  heat.  Resinous  and  gummy  substances  are  easily 
made  to  render  up  some  of  their  constituents.  And  the 
alcohols  with  their  allies,  have  no  great  power  of  resisting 
decomposition.  These  bodies,  formed  by  the  imion  of 

oxygen,  hydrogen  and  carbon,  are  also,  as  a  class,  chemically 
inactive.  The  formic  and  acetic  are  doubtless  energetic 
acids ;  but  the  higher  members  of  the  fatty-acid  series  are 
easily  separated  from  the  bases  with  which  they  combine. 
Saccharic  acid,  too,  is  an  acid  of  considerable  power ;  and 
sundry  of  the  vegetal  acids  possess  a  certain  activity, 
though  an  activity  far  less  than  that  of  the  mineral  acids. 
But  throughout  the  rest  of  the  group,  there  is  shown  but  a 
small  tendency  to  combine  with  other  bodies  ;  and  such  com 
binations  as  are  formed  have  usually  little  permanence. 

The  phenomena  of  isomerism  and  polymerism  are  of  fre- 
quent occurrence  in  these  ternary  compounds.  Starch  and 
dextrine  are  isomeric.  Fruit  sugar,  starch  sugar,  eucalyn, 
sorbin,  and  inosite,  are  polymeric.  Sundry  of  the  vegetal 
acids  exhibit  similar  modifications.  And  among  the  resins 
and  gums,  with  their  derivatives,  molecular  re-arrangements 
of  this  kind  are  not  uncommon. 

One  further  fact  respecting  these  compounds  of  carbon, 
oxygen  and  hydrogen,  should  be  mentioned ;  namely,  that 
they  are  divisible  into  two  classes — the  one  consisting  of  suo- 
stances  that  residt  from  the  destructive  decomposition  of 
organic  matter,  and  the  other  consisting  of  substances  that 
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oxist  aa  euch  in  organio  matter.  These  two  classes  of  sd 
■tancas  exhibit  in  dilferuiit  dL-greoa,  the  properties  to  whioh 
w«  have  been  diroeliny  our  attention.  The  lower  uleohols, 
their  allies  and  derivatives,  nliich  possess  greater  molecular 
mobility  and  chemical  atability  than  tho  rest  of  these  ternary 
oomjmunds,  are  not  fonnd  iu  animal  or  vegetal  bodies.  Whilo 
the  Bugura  and  amyhiceous  Eubstaiices,  tho  tixed  oils  and  I'ats, 
tho  gums  and  resins,  which  Itave  all  of  them  much  luas  mole- 
cular mobility,  and  are,  chemically  considorod,  mors  unstabls 
and  inert,  ore  components  of  the  Irving  tissues  of  plants  and 
auunals. 


I  4.    Amntijf   compounds    containing    all    tho    four 
LDJo  elements,  a  diviaiun  analogous  to  that  juMt  named 
J  be  made.     There  are  some  which  result  from  the  deeom- 

■tion  of  living  tissues;  there  arc  others  which  make 
parts  of  lit-ing  tissues  in  their  state  of  intejn'ity  ;  nnd  these 
two  groujia  are  coutrusltnl  in  their  proi>erties  in  tho  eutno  way 
as  are  the  parallel  groups  of  ternary  compounds. 

Of  the  first  division,  certain  products  found  in  the  animal 
excretions  are  tho  must  important,  and  the  only  onc^  that 
need  be  noted;  such,  namely,  as  urea,  kreatino,  kroatinino. 
Tho))c  animal  buMOtt  uxhibit  mueU  less  molecular  mobility  th.in 
the  avtinigc  of  the  sulisUinoes  treated  of  in  tho  hut  sotrtion  : 
being  boliil  at  ordinary  temperatures,  fusing,  where  fusible  ut 
■II,  at  temitera lures  above  tliat  of  boiling  water,  and  having 
no  power  to  assume  a  gaseous  state.  Chemically  considered, 
tlieir  stability  is  low,  and  their  activity  hut  small,  in  coni- 
nariaon  with  tho  slabililie*  and  activities  of  the  slmplor  o  im- 
pimndf. 

It  is,  however,  the  nitrogenous  eonstitncnfs  of  living  tis- 
lOBi,  that  display  mint  markedly,  those  eharacterislicj  of  whieh 
wo  ha»o  bwn  tracing  tho  growtif  Albumen,  fibrin,  casein, 
■nd  their  allies,  ate  borliest  in  whirh  that  mult>euliir  mobility 
•xhiiiited  by  tbreo  of  their  components  in  so  high  a  degree. 
b  rvducod  to  a  minimum.     Those  sabstanoes  are  known  only 
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in  tbe  solid  tinie:  that  ia  to  aay,  when  deprived  of  the  water 
usually  mixed  with  them,  they  do  not  admit  of  fusion,  much 
lesa  of  volatilization.  To  which  add,  that  they  have  not  even 
that  molecular  mobility  which  solution  in  water  implies ; 
since,  though  they  form  viscid  mixtures  with  water,  they  do 
not  dissolve  in  the  same  perfect  way  as  do  inorganic  com- 
pounds. The  chemical  characteristics  of  these  sub- 
stances, afe  instability  and  inertness  carried  to  the  extreme. 
How  rapidly  albumenoid  matters  decompose  under  ordinary 
conditions,  is  daily  seen :  the  difficulty  of  every  house-wife 
being  to  prevent  them  irom  decomposing.  It  is  true  that 
when  desiccated  and  kept  from  contact  with  air,  they  may  be 
preserved  unchanged  for  a  long  period ;  hut  the  fact  that  they 
can  only  be  thus  preserved,  proves  their  great  instability.  It  is 
true,  also,  that  these  roost  complex  nitrogenous  principles  are 
not  absolutely  inert ;  since  they  enter  into  combinations  with 
some  bases ;  but  their  unions  are  very  feeble. 

It  should  be  noted,  too,  of  these  bodies,  that  though  they 
exhibit  in  the  lowest  degree  that  kind  of  molecular  mobility, 
which  implies  facile  vibration  of  the  atoms  as  wholes,  they  ex- 
hibit in  a  high  degree  that  kind  of  molecular  mobility  resulting 
in  isomerisni,  which  implies  permanent  changes  in  the  posi- 
tions of  adjacent  atoms  with  respect  to  each  other.  Euch  of 
them  has  a  soluble  and  insoluble  form.  In  some  cases  there 
are  indications  of  more  than  two  such  forms.  And  it  appears 
that  their  metamorphoses  take  place  under  very  slight 
changes  of  conditions. 

In  these  most  unstable  and  inert  organic  compounds,  we 
find  that  the  atomic  complexity  reaches  a  maximum :  not 
only  since  the  four  chiuf  organic  elements  are  here  united 
with  small  proportions  of  sulphur  and  phosphorus  ;  but  also 
since  they  are  united  in  high  multiples.  The  peculiarity 
which  we  found  characteril'cd  even  binary  compounds  of  the 
organic  elements,  that  their  atoms  are  formed  not  of  single 
equivalents  of  each  component,  but  of  two,  three,  four  and 
more  equivalent^  is  carried  to  the  greatest  extreme  in  these 
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coapoimda,  tliat  take  tlie  leuding  purt  in  organio  ftotioi 
According  to  Mulder,  the  formula  of  albumon  is  10  (C" 
N'  0")  +  S'  P.  That  is  to  say,  with  the  Bulplmr  and  phos- 
phoroa  there  ore  iuiil«d  teo  equivalents  of  a.  compound  atom 
containing  forty  atoms  of  carbon,  thirty-one  of  hydrogen, 
five  of  niirogon,  ond  twelve  of  oxygen :  the  atom  being  thiu 
made  up  of  nearly  nine  hundred  ultimate  atoms. 


§  5.  Did  space  permit,  it  would  bo  useful  here  to  consider 
in  detail,  tJie  interpretations  that  may  be  given  of  the  pecu- 
liarities we  have  been  tracing  :  bringing  to  their  solution, 
those  general  mechanical  principles  which  are  now  found  to 
hold  true  of  molecules  as  of  masaea.  But  it  must  sniliue 
briefly  to  indicate  the  conclusions  that  such  an  inquiry  pro- 
miscs  to  bring  out. 

Proceeding  on  mechanical  principles,  it  may  be  argued  that 
tbe  molecular  mobility  of  a  substnnce  must  depend  partly  a 
tho  inertia  of  its  molecules  ;  partly  on  tho  intensity  of  iiu 
mutual  |)oIarities ;  partly  ou  (heir  mutual  pressure,  as  dcte 
minod  by  tho  density  of  their  uggregotion,  and  (whore  1 
molecules  are  compound)  partly  on  the  molecular  mobilit 
of  their  component  molecules.  Whence  it  is  to  bo  infur 
that  any  three  of  these  remainiug  constant,  tbe  molecul 
mobility  will  vary  as  tho  fourth.  Other  things  equal,  thei 
fore^  the  molecular  mobility  of  atoms  must  decrcoNo  as  I' 

increaso ;  and  so  there  mu«t  rc-sult  that  general  pro* 
httvo  traced,  from  the  high  molecular  mobility 

ilb»  oocombined  orgunio  elements,  to  tho  low  molecuhir_ 
nobility  of  thoae  large-atomod  •ubatanoea  iaU>  which  they  c 
ulliinatcly  compound'^l. 

Applying   to  atoms   the  mechanical  law  which  holds  | 
naasos,  that  aince  inertia  and  gravity  increase  mt  tbe  c 
of  the  dimensions  while  cohoion  {iicn.'ases  as  their  squi 
tbe  solf-au'taining    powur  of   a    body    becomes   i 
smatliT  a»  iU  hulk  becomes  greater  ;  it  might  he  nrgiiod  tl 
these  large,  aggrvgato  atoms  which  constitute  organic  i 
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itance,  ate  mechanically  weak — are  less  able  than  simpler 
atoms  to  bear,  without  alteration,  the  forces  falling  on  them. 
That  very  massiveness  which  renders  them  less  mobile,  enables 
the  physical  forces  acting  on  them  more  readily  to  change  the 
relative  positions  of  their  component  atoms ;  and  so  to  pro- 
duce what  we  know  as  re-arrangements  and  decompositions. 
Further,  it  seems  a  not  improbable  conclusion,  that  this 
formation  of  large  aggregates  of  elementary  atoms,  and  re- 
sulting diminution  of  self-sustaining  power,  must  be  accom- 
panied by  a  decrease  of  those  contrasts  of  dimension  to 
which  polarity  is  ascribable.  A  sphere  is  the  figure  of  equi- 
librium which  any  aggregate  of  units  tends  to  assume,  under 
the  influence  of  simple  mutual  attraction.  Where  the  num- 
ber of  units  is  small  and  their  mutual  polarities  are  decided, 
this  proclivity  towards  spherical  grouping  will  be  overcome 
by  the  tendency  towards  some  more  special  form,  determined 
by  their  mutual  polarities.  But  it  is  manifest  that  in  pro- 
.  portion  as  an  aggregate  atom  becomes  larger,  the  effects  of 
simple  mutual  attraction  must  become  relatively  greater ; 
and  so  must  tend  to  mask  the  effects  of  polar  attraction. 
There  will  consequently  be  apt  to  result  in  highly  com- 
pound atoms  like  these  organic  ones  containing  nine  hun- 
dred elementary  atoms,  such  approximation  to  the  spherical ' 
form  as  must  involve  a  less  distinct  polarity  than  in  simpler 
atoms.  If  this  inference  be  correct,  it  supplies  us  with  an  ex- 
planation both  of  the  chemical  inertness  of  these  most  com- 
plex organic  substances,  and  of  their  inability  to  crystallize. 

§  6.  Here  we  are  naturally  introduced  to  another  aspect  of 
our  subject — an  aspect  of  great  interest.  Professor  Graham 
has  recently  published  a  series  of  important  researches,  which 
promise  to  throw  much  light  on  the  constitution  and  changes 
of  organic  matter.  He  shows  that  solid  substances  exist  un- 
der two  forms  of  aggregation — the  colloid  or  jelly-like,  and  the 
crystalloid  or  crystal-like.  Examples  of  the  last  are  too  fa- 
miliar tof  need  specifying.     Of  the  first  may  be  named  such 
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.  iriBfuncra  aa  "hy<!mted  silicic  acid,  hirdr&t«d  ftiuinina,  a 
other  metallic  peroxides  of  tlie  almniiinuB  cI»m.  iplion  I  hgy  exist 
in  the  eolublo  form  ;  with  Btarcli,  dextrine  and  the  ^tns,  cara* 
mcj,  tannin,  albumen,  gelatine,  vegetable  and  atttmal  extractive 
matters,"  Doscribitig  the  proportios  of  colloida,  Profi>»sof 
Graham  says  : — "  Although  often  laigoly  eoKible  m  watw, 
they  arc  held  in  Bolution  by  a  most  feeble  force.  They  ap- 
pear singularly  inert  in  the  eapacity  of  acids  and  boiieB,  and 
in  all  the  ordinary  cbomical  relations."  •  •  •  "AU 
Uiuugh  chemically  inert  in  the  ordinary  sense,  colloide 
poasosft  a  compensating  activity  of  their  own  arising  out  ol 
their  ph^'ttical  properties.  While  the  rigidity  of  the  crystal- 
line  structure  shuts  out  external  impressions,  the  softness  ol 
the  gelatinous  colloid  partakes  of  fluidity,  and  enables  th« 
colloid  to  become  a  medium  of  liquid  diffusion,  like  water 
itself."  •  •  •  "  Hence  a  wide  sensibility  on  the  part  ol 
colloids  to  external  agents.  Another  and  eminently  charac- 
leristiQ  quality  of  colloids  is  their  mutability."  •  •  •  •■  Tha 
solution  of  hydratod  silicic  acid,  for  instance,  is  easily  obl.iin- 
ed  in  a  state  of  purity,  but  it  cannot  bo  preserved.  It  itmy 
remain  fluid  for  duys  or  weeks  in  a  scaled  tube,  but  is  sure  to 
gelatinize  and  become  insoluble  at  hut.  Nor  does  the  change 
of  this  colloid  appear  to  stop  at  that  point ;  for  tho  mineral 
fomu  of  silicic  auid,  deposited  from  water,  auch  as  flint,  aro 
ofWn  found  to  have  pa.'wod,  during  the  geological  ages  of 
Iheir  oxistence,  from  the  vitreous  or  ooUoidal  into  tho  t-rystal- 
lino  condition  (H.  Hone).  The  colloid  is,  is  fact,  a  dynami- 
eal  state  of  matter,  the  crystulloidul  being  iho  statical 
eonditiun.  The  colloid  poMcsau  energia.  It  may  be  looked 
upon  as  the  primary  source  of  tho  force  appearing  in  the 
phrmnmcna  of  vilality.  To  tho  gradual  manner  in  whi 
Goll'tidal  ohangi<s  take  pkce  (for  they  always  demand  time  « 
an  element)  may  the  oharacteristio  protraction  of  chemica 
organic  changes  also  be  rrferrwi." 

The  class  of  colloids  includes  not  only  all  thoea  moat  o 
plez  nitrogeaeoos  compounds  cbaractorialic  of  organic  I 
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Mid  sondry  of  the  oxy-liydrocBrbons  found  along  witli  tliem ; 
but,  significantly  enough,  it  includes  aeveral  of  those  sub- 
Btances  classed  aa  inorganic,  vhich  enter  into  organized 
structures.  Thus  silica,  which  is  a  component  of  many 
plants,  and  constitutes  the  spicules  of  sponges  as  well  as  the 
•hells  of  many  foraminifera  and  infusoria,  has  a  colloid,  as 
well  as  a  crystalloid,  condition.  A  solution  of  hydratcd  silicic 
acid,  passes  in  the  course  of  a  few  days  into  a  solid  jelly  that 
is  no  longer  soluble  in  water ;  and  it  may  be  suddenly  thus 
coagulated  by  a  minute  portion  of  an  alkaline  carbonate,  as 
veil  as  by  gelatine,  alumina,  and  peroxide  of  iron.  This  last- 
named  substance,  too^peroxide  of  iron — which  is  an  ingre- 
dient in  the  blood  of  mammals  and  composes  the  shells  of 
certain  protozoa,  has  a  colloid  condition.  "  Water  containing 
about  one  per  cent,  of  hydrated  peroxide  of  iron  in  solution, 
has  the  dark  red  colour  of  yenous  blood."  •  •  •  "  Xhe 
red  solution  is  coagulated  in  the  cold  by  traces  of  sulpbnrio 
acid,  alkalies,  alkaline  carbonates,  sulphates,  and  neutral  salta 
in  general."  •  •  *  "  The  coagulum  is  a  deep  red-coloured 
jelly,  resembling  the  clot  of  blood  but  more  transparent. 
Indeed,  the  coagulum  of  this  colloid  is  highly  Buggestive 
of  that  of  blood,  from  the  feeble  agencies  which  suffice  to 
e&xt  1^e  change  in  question,  as  well  as  fiY>m  the  appearance 
of  the  product."  The  jelly  thus  formed  soon  becomes,  like 
the  last,  insoluble  in  water.  Lime  also,  which  is  so  important 
a  mineral  element  in  living  bodies,  animal  and  vegetal, 
enters  into  a  compound  belonging  to  this  class.  "The 
well-known  solution  of  lime  in  sugar,  forms  a  solid  coagulum 
when  heated.  It  is  probably,  at  a  high  temperature,  entirely 
colloidal." 

Generalizing  some  of  the  facts  which  he  gives.  Professor 
Graham  says — "The  equivalent  of  a  colloid  appears  to  be 
always  high,  although  the  ratio  between  the  elements  of  the 
substance  may  be  simple.  Gummic  acid,  for  instance,  may 
be  represented  by  C"  H"  0"  ;  but,  judging  from  the  small 
proportions  of  lime  and  potash  which  suffice  to  neutralize  this 
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auid,  the  true  numben  of  its  formula  must  be  several  tiinoi 
groater.  It  is  difficult  to  avoid  aasoclaling  the  iuortiicwa  of 
ooUotda  with  their  high  cquiviiIoat«.  pnrticularly  where  tha 
high  number  appi-iim  to  be  attuiiied  by  ihe  npctilion  of  » 
small  uuinbcr.  lliu  inquiry  BUggcsU  ilsi-lf  whc-ther  the  col- 
loid i]ioIt.>culo  may  not  be  constituted  by  the  grouping 
together  of  a  numbor  of  xmallor  crystalloid  molecules,  and 
whether  the  busia  of  colloidality  may  not  reully  bo  this  com* 
posit«  character  of  the  molecule." 


I 


I  7.  A  further  contrast  between  coUoidti  and  cryBtalloidti 
is  equally  Bigniticatit  in  its  relations  to  vtliil  {ihciiomcna. 
Professor  Orahaiu  poinls  out  that  the  marked  ditfei'eneea  in 
Tolalility  dispUyod  by  dilferent  bodies,  arc  parallelod  by 
differcQCofl  in  the  rates  of  diffusion  of  difFi-'rent  bodies  through 
liquids.  As  aleohol  and  ether  at  ordinary  temperaturt^s,  and 
various  other  Hulwrancca  nt  higher  temperatures,  difliuM!  thrm- 
•elvca  in  a  gaseous  form  through  the  air ;  so.  a  subatanee  in 
aqueous  solution,  when  placed  in  contoet  with  a  mass  of 
wntor  (in  8uoh  way  as  to  nvniil  mixtun.-hycin'ulnliugcurrenta) 
dilTuMM  iloclf  through  this  maas  of  wat«r.  And  jutit  as  tlicra 
an  vBTious  degrees  of  rapidity  in  evaporation,  so  there  are 
Tarioua  degrees  of  rapidity  in  ditTunion  :  "  the  rangc^ulso  in 
the  degree  of  dilTusive  mobility  oxhihitcd  by  ditfcront  sub* 
■lances  appi^ara  to  be  aa  wide  as  the  scale  of  vapour -tensions." 
This  parullulism  is  what  might  have  been  looked  for ;  since 
the  trn<ltrn<-y  to  assume  a  gasoous  state,  and  the  tendency  to 
fpread  in  solution  ihrongh  a  lii]uid,  aru  both  consequrnces  of 
raolocolar  mobility.  It  also  turns  out,  aa  was  to  be  exiteclvl, 
that  diSusibility,  Uko  volatility,  has,  otht>r  things  equal,  a  r^ 
latioD  to  atomic  weight — (ot)i(<r  things  equal,  we  must  auy, 
bceausn  ro>ili«ulur  mobility  must,  as  pointed  out  in  $  5,  be 
affoctMl  by  other  properties  of  atoms,  bmidm  their  inertia). 
Thus  the  subslaneo  most  rapidly  dilfniKMl  of  any  on  which 
Professar  Oniham  Mpnrinieiiti^d,  wa»  hydro-chloric  aeid — a 
conpoutid   which  is  of  low  at<milc  weight,  is  gucuua  UTe 
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snder  a  presaara  of  forty  atmospheres,  and  on^narily  esista 
u  a  liquid,  only  in  combination  with  Water.  Again, "  hydrate 
of  potash  may  be  eaid  to  poaseas  double  the  velocity  of  difF<i> 
non  of  Bulphat«  of  potasli,  and  sulphate  of  potash  again  double 
the  velocity  of  sugar,  alcohol,  and  sulphate  of  magnesia," — 
difTerencea  which  have  a  general  correspondence  with  differ- 
ences in  the  massiveness  of  the  atoms. 

But  the  fact  of  chief  interest  to  us  here,  is  that  the  rela- 
tively  small^atomed  crystalloids  have  immonsely  greater 
diffiisiva  power  than  the  relatively  large-atomed  colloids. 
Among  the  cryetalloide  themselves,  there  are  marked  differ 
encea  of  difiosibility ;  and  among  the  colloids  themselves, 
there  are  parallel  differences,  though  less  marked  ones.  But 
these  differences  are  small  compared  with  that  between  the 
difiusibility  of  the  crystalloids  as  a  class,  and  the  diffusibiUty 
of  the  colloids  as  a  class.  Hydro-chloric  acid  is  seven  times 
■a  diffusible  as  sulphate  of  magnesia ;  but  it  is  fifty  times  as 
diffusible  as  albumen,  and  a  hundred  times  as  diffusible  at 
caramel. 

These  differences  of  diffiisibility  manifest  themselves  with 
nearly  equal  distinctness,  when  a  permeable  septum  is  placed 
between  the  solution  and  the  water.  And  the  result  is,  that 
when  a  solution  contains  substances  of  different  diffusibilities, 
the  process  of  dialysis,  as  Professor  Graham  calls  it,  becomes 
a  means  of  separating  the  mixed  substuncos  :  especially  when 
■nch  mixed  substances  are  partly  crystalloids  and  partly  col- 
loids. The  bearing  of  this  fact  on  organic  processes  will  be 
obvious.  Still  more  obvious  will  its  bearing  be,  on 

joining  it  with  the  remarkable  fact,  that  while  crystalloids 
can  difiuse  themselves  through  colloids  nearly  as  rapidly  as 
through  water,  colloids  can  scarcely  diffuse  themsclrea  at  all 
through  other  colloids.  From  a  mass  of  jelly  containing 
salt,  into  an  adjoining  mass  of  jelly  containing  no  salt,  the 
salt  spread  more  in  eight  days  than  it  spread  through  water 
in  seven  days ;  while  the  spread  of  "  caramel  through  the 
jelly  appeared  scarcely  to  have  begun  after  eight  days  had 
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tl;HLiwL"    So  thiit  we  must  regard  the  colloidal  coTupoimJ 
of  wtiich  orgtutisms  lire  built,  as  having  by  tlicir  phj'sical 
nature,  the  iibility  to  acparute  colloids  from  crj'atalloids,  aud 
to  let  the  crj-8talloida  puss  through  thorn  with  aciircely  any 
rvsistanoc. 

On©  other  reaolt  of  these  researchea  on  the  relative  difl 
■ibilitics  of  ditforcnt  subetanccs,  has  a  meaning  for  us.  Fro> 
fessor  Oraham  firida,  that  not  only  does  there  lake  place  by 
dialysis,  a  sc]>anitiou  of  ntixtd  substances  which  aro  unlike  in 
tlicir  moleculur  inobililics  ;  but  also  that  combined  substances 
between  which  the  affinity  ts  feeble,  will  eepanito  on  tha 
dialyxer,  if  their  molecular  mobilities  are  strongly  con- 
trasted. Spcakin<;  of  the  hydro-chlorate  of  perosido  of 
iron,  he  saya,  "  such  a  compound  pofuesses  an  element  of 
iiutttbilily  in  tha  extremely  uncquul  dilTusibility  of  its 
const i tuc u ts ; "  nnd  he  pointa  out  that  when  diiilyziid,  the 
bydnt-t^hlorie  acid  gradually  diSusos  away,  luaviug  the 
OoUoidal  pi-roxido  of  iron  behind.  Similarly,  ho  remarks  of 
the  pcmcetuto  of  iron,  that  it  "  may  bo  made  a  source  of 
■oluble  peroxide,  aa  tbo  salt  referred  to  ia  itself  decomposed 
to  s  great  extent  by  ditTunion  ou  the  dialyzer,"  Now  this 
tendency  to  aupamt«  disphiyod  by  substances  that  dilf'nr 
widely  in  their  molecular  tnobililies,  though  usually  m 
fiu"  onlagoniKi^  by  their  al!!niti<«  m  not  to  pioduca  sponta> 
Dooos  decomposition,  moitt,  in  all  coses,  induoo  a  cert«ia 
tmdtneos  to  change  which  would  not  else  exist.  The  uo* 
equal  mobilities  of  the  combined  atoms,  rauat  give  diitturbing 
forcoa  a  grcatirr  power  to  work  transformations  tliuu  tlity 
would  otherwise  have.  Hence  thr  probublo  sJi^njIicance  of  a 
£ict  name<l  at  tbo  outset,  tbat  while  three  of  the  chief  urgunio 
elements  have  tbc  grt-^lcst  atomic  mibUitiua  of  any  cli-iiteDtH 
known,  the  fourth,  carbon,  has  the  least  atomic  mobility  of 
known  eUinoubi.  Though,  in  iU  simple  compounds,  tlio 
kfitnitioa  of  carbon  for  the  mt  nro  strong  enough  to  previ-ul 
the  L-ffecIs  of  this  great  diiTen'noo  fniin  i-li-nrly  showing  them- 
•elves  i  yet  tliere  aeoms  ruoaoa  to  thiuk,  that  in  those  o 
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picx  oompounds  composing  organic  bodies — compounds  in 
which  there  are  various  cross  affinities  leading  to  a  state 
of  chemical  tension — ^this  extreme  diflference  in  the  molecular 
mobilities  must  be  an  important  aid  to  molecular  re-arrange* 
ments.  In  short,  we  are  here  led  by  concrete  evidence  to  the 
conclusion  which  we  before  drew  from  first  principles,  that 
this  great  unlikeness  among  the  combined  units  must  facili* 
tate  differentiations. 

I  8.  A  portion  of  organic  matter  in  a  state  to  exhibit 
those  phenomena  which  the  biolog^t  deals  with,  is,  however, 
something  far  more  complex  than  the  separate  organic  mat- 
ters we  have  been  stud3ring;  since  a  portion  of  organic 
matter  in  its  integrity,  contains  several  of  these. 

In  the  first  place,  no  one  of  those  colloids  which  make  up 
the  mass  of  a  living  body,  appears  capable  of  carrying  on 
vital  changes  by  itself:  it  is  always  associated  with  other 
eoUoids.  A  portion  of  animal-tissue,  however  minute,  almost 
always  contains  more  than  one  form  of  protein-substance : 
different  chemical  modifications  of  albumen  and  gelatine  are 
present  together,  as  well  as,  probably,  a  soluble  and  insoluble 
modification  of  each ;  and  there  is  usually  more  or  less  of 
fatty  matter.  In  a  single  vegetal  cell,  the  minute  quantity 
of  nitrogenous  colloid  present,  is  imbedded  in  colloids  of  the 
non-nitrogenous  class.  The  microscope  makes  it  at  once 
manifest,  that  even  the  smallest  and  simplest  organic  forms 
are  not  absolutely  homogeneous. 

Further,  we  have  to  contemplate  organic  tissue,  formed 
of  mingled  colloids  in  both  soluble  and  insoluble  states,  as 
permeated  throughout  by  crystalloids.  Some  of  these  crys- 
talloids, as  oxygen,*  water,  and  perhaps  certain  salts,  are 
agents  of  decomposition ;  some,  as  the  saccharine  and  fatty 

*  It  win  perhaps  leem  strange  to  class  oxygen  as  a  crystalloid.  Bat  inasmtich 
•8  the  crystalloids  are  distinguished  from  the  colloids  by  their  atomic  simplicity, 
and  inasmuch  as  londry  gases  are  reducible  to  a  crystalline  state,  we  sre  justified 
te  an  daninf  iL 


I 


22 


THE   DATA  OF   BIULUGY. 


matters,  are  probably  raatorials  for  decomposition ;  nnd  h< 
Bs  carbonic  acid,  water,  urea,  krcatiiic,  and  krcutiniiio,  are 
products  ofdecompOHitiaii.  Into  the  mass  of  minglwl  colloids, 
mostly  ioaoluble  and  where  soluble  of  very  low  molecular 
mobility  or  diffusive  power,  we  have  oonatantly  passing,  cr^-a- 
talloi(U  of  high  molecular  mobility  or  diffusive  power,  that 
are  capable  of  decomposing  thoae  complex  colloids ;  and  from 
tlieso  complex  colloids,  so  decomposed,  there  result  other 
crystalloids  (the  two  chief  ones  extremely  simple  uiid  mobile, 
and  the  rest  ooraparativcly  so)  which  dilTuse  away  as  rapidly 
M  they  are  fonncd. 

And  now  we  may  clearly  ace  the  necessity  for  that  pecti- 
liar  composition  which  wo  find  in  organic  matter.  On  the 
one  band,  wore  it  not  for  the  extrcmo  molecular  mobility 
pOMewod  by  throe  of  !t«  chief  clcnienta  out  of  the  four ;  and 
were  it  not  for  the  consequently  high  molecular  mobility  of 
their  simpler  compounds;  tlicro  could  not  be  this  quick  escape 
of  the  waste  products  of  organic  action  ;  and  there  could  not 
be  that  contiTmouHly  active  change  uf  matter  which  vitality 
implies.  On  the  other  hand,  were  it  not  for  tho  union  of 
these  extremely  mobilo  elements  into  immensely  complex 
compounds,  having  relatively  vast  atoms  that  are  made  com- 
pamtivuly  immobile  by  their  inertia,  there  could  not  rosiilt 
that  mochaiiical  lixity  which  preveiita  the  comjHments  of  liv- 
log  tissue  from  diffusing  away  along  with  the  effete  matten  , 
producod  by  tho  deoomposition  of  tissue.  ■ 

)  9.  Thus  in  tho  substances  of  which  organisms  are 
composed,  the  conditions  necessary  to  that  rc-dtstribntion  of 
Matter  and  Motion  which  constitutes  KvohiUon,  ore  fulGllod 
in  a  lor  lughvr  degree  thoo  at  first  appears. 

Tliu  mutual  utliuitien  uf  the  chief  organic  clomonts  ara 
not  active  within  the  limits  of  those  tcmpornturos  at  which 
organic  aolions  take  place ;  and  one  of  iheso  elements  is 
espouially  clianust«rixvd  by  iu  ehvmicnl  tudilference.  ^'lio 
compounds  formed  by  tluMO  elomeuU  in  ascending  gradui  uf 
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eomplexity,  become  progresaively  less  stable.  And  those 
tnost  complex  compoimds  into  which  all  these  four  clemeDta 
enter,  together  with  small  proportions  of  two  other  elements 
that  Teiy  readily  oxidize,  have  an  instability  so  great  that 
decomposition  enaaes  under  ordinary  atmospheric  conditions. 

Among  these  elements  out  of  which  living  bodies  are  built, 
there  is  an  onosual  tendency  to  unite  in  multiples  ;  and  so  to 
form  groups  of  products  which  have  the  same  chemical  com- 
ponents, but,  being  difierent  in  their  modes  of  aggregation, 
possess  different  properties.  This  prevalence  among  them  of 
isomerism  and  polymerism,  shows,  in  another  way,  the  special 
fitness  of  organic  substances  for  undergoing  re-distributions. 

In  tiioee  most  complex  compounds  that  are  instrumental 
to  vital  actions,  there  exists  a  kind  and  degree  of  molecular 
mobilitry  which  constitutes  the  plastic  quaUty  fitting  them  for 
organization.  Instead  of  the  extreme  molecular  mobility 
possessed  by  three  out  of  the  four  organic  elements  in  their 
separate  states — instead  of  the  diminished,  but  still  great, 
molecular  mobility  possessed  by  their  simpler  combinations, 
the  gaseous  and  liquid  cbaracters  of  which  unfit  them  for 
showing  to  any  extent  the  process  of  Evolution — instead  of 
the  properties  of  their  less  simple  combinations,  which, 
when  not  made  unduly  mobile  by  heat,  assiune  the  unduly 
rigid  form  of  crystals ;  we  have  in  these  colloids,  of  which 
organisms  are  mainly  composed,  just  the  required  com- 
promise between  fluidity  and  solidity.  They  cannot  be  re- 
duced  to  the  unduly  mobile  conditions  of  liquid  and  gas ;  and 
yet  they  do  not  assume  the  unduly  fixed  condition  usually  cha- 
racterizing solids.  The  absence  of  power  to  unite  together  in 
polar  arrangement,  leaves  their  atoms  with  a  certain  freedom 
of  relative  movement  which  makes  them  sensitive  to  small 
forces,  and  produces  plasticity  in  the  aggregates  composed 
of  them. 

While  the  relatively  great  inertia  of  these  large  and  com- 
plex organic  atoms,  renders  them  comparatively  incapable 
of  being  set  in  motion  by  the  ethereal  undulations,  and  so  re- 
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duced  to  less  coherent  forma  of  aggregation  ;  there  is  r 
to  thiiik  that  this  ume  inertia  fucililutea  cbangcji  of  urr»ngo- 
ment  «ntong  tlicir  constituent  atoms ;  since,  in  proportion  as 
an  incident  force  impresses  but  little  motion  on  a  mass,  it  ta 
the  bettor  able  to  iniprcaa  motion  on  the  pnrU  of  tho  moss  in 
relation  to  each  other.  And  it  is  further  probable  tliat  tho 
extreme  contrasts  in  nioleculur  mobilities  amou(^  the  eomi>o- 
nents  of  these  nighly  complex  atoms,  aid  in  producing  niodi^ 
fiability  of  arrangement  eraong  them. 

Lastly,  the  great  differoncc  in  difTusibilily  between  eolloidl 
■od  crystalloids,  makes  poasiblo  iu  the  tissues  of  organisms, 
a  specially  rapid  re- distribution  of  matter  and  motion ;  both 
because  colloids,  being  easily  permeable  by  crystalloids,  can 
bo  chomically  acted  on  throughout  their  wholo  mass,  in- 
stead of  only  on  tlieir  surfucos ;  at:d  because  the  pniducts  of 
decomposition,  being  niso  crystulloids,  can  escape  as  fast  as 
they  are  produced,  leaving  room  for  further  like  Iransforroa- 
tioQs.  So  that  while  the  composite  atoms  of  which  organic 
tissoos  are  built  up,  possess  that  low  molecular  mobility  fit- 
ting them  fur  plastic  purposes,  it  results  from  the  extreme 
Diolccuhir  mobilities  of  their  ultimate  oonstitacnts,  that  tho 
waste  products  of  vital  activity  escape  as  fust  as  thoy  are 
formed. 

To  all  which  odd,  that  the  stato  of  warmth,  or  increased 
molecular  vibration,  in  which  all  the  higher  organisms  are 
kept,  inoroases  these  vuriuus  faciliti<.<a  for  rc-diatribution :  not 
only  u  aiding  chemical  ohonges,  but  as  ucceUruliug  tho  dif> 
L  of  crystalloid  substaaoaa, 
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THE  ACTIONS  OF  FORCES  ON  ORGANIC  MATTER* 

ft  10.  To  some  extent,  the  parts  of  every  body  are  changed 
in  their  arrangement  by  any  incident  mechanical  force. 
Bat  in  organic  bodies,  the  changes  of  arrangement  produced 
by  mechanical  forces  are  usually  conspicuous.  It  is  a  dis- 
tinctive mark  of  colloids,  that  they  yield  with  great  readiness 
to  pressures  and  tensions ;  and  that  they  yet  recover,  more 
or  less  completely,  their  original  shapes,  when  the  pres- 
sures or  tensions  cease.  It  is  clear  that  without  this 
pliability  and  elasticity,  most  organic  actions  would  be  im- 
possible. Not  only  temporary  but  permanent  alter- 
ations of  form  are  facilitated  by  this  colloid  character  of 
organic  matter.  Continued  pressure  on  living  tissue,  by 
modifying  the  processes  going  on  in  it,  (perhaps  retarding 
the  absorption  of  new  material  to  replace  the  old  that  has 
decomposed  and  diffused  away,)  gradually  diminishes  and 
finally  destroys  its  power  of  resuming  the  outline  it  had  at 
first.  Thus  the  matter  of  which  organisms  are  built  up,  is 
modifiable  by  arrested  momentum  or  by  continuous  strain, 
in  a  far  greater  degree  than  is  ordinary  matter. 

$11.  Sensitiveness  to  certain  forces  that  are  quasi- 
mechanical,  if  not  mechanical  in  the  usual  sense,  is  seen  in 
two  olosely-related  peculiarities  displayed  by  organic  matter 


S6 


L   OF  DIOl.OGT. 


Bs  wuU  as  other  matter  that  e-T.^iimea  the  same  state  of  u 
cniar  aggrogution, 

CuUoitb  take  up  by  a  power  that  has  been  called  "  capillary 
affiaity,"  a  largo  quuntily  of  wutor:  nnJergoing  at  the  same 
time  gi-eat  increuse  of  hulk  wi^b  change  of  fonn.  Coiivoreoljj 
with  like  readiness,  they  give  up  this  water  by  evaporalita 
ri'suming  more  or  loss  completely  their  original  Btuto  _ 
Whol.hor  rusulting  from  eapilUiiity,  or  from  the  relatively 
great  diiFusibility  of  walor,  or  from  both ;  those  changes 
aro  to  bo  here  not«d  aa  showing  another  modo  in  which 
the  arrangement  of  parts  in  organic  bodies,  b  otTeuted  I 
tnechunicol  forc«3. 

In  what  is  calknl  osmose,  we  have  a  further  mode  of  allm 
kinrl.  "Wticn  on  op{)Osiltf  sides  of  a  penutublo  septum,  and 
cspoeially  a  septum  of  colloidal  substance,  aro  placed  miscible 
solutions  of  diiferent  doDsities,  a  double  transfer  taki's  plao9: 
a  large  quantity  of  the  leas  dense  solution  finds  its  way  thronjf^ 
the  septum  iut4)  the  more  dense  solution  ;  und  a  small  ( 
tity  of  tho  more  dense  finds  its  way  into  the  li.tu  dense- 
result  being  a  considerable  increase  in  tho  bulk  uf  the  n 
dense  at  tho  expense  of  the  less  dense.  This  proccw,  < 
Rppf^-nnt  to  cli'peud  on  several  cnnJitions,  is  not  yot  fully  t 
dentuod.  Ilut  be  tho  esplnuation  what  it  may,  thu  process 
i>  one  that  tends  continually  to  work  alterations  in  organia 
bodic«.  Tlirough  the  surfiiccs  of  plants  and  animals,  transfers 
of  this  kin.l  are  ever  taking  plooe.  Very  many  of  the  coo- 
■piououa  changes  of  form  uudurgono  by  organic  genua,  are 
due  mainly  to  tho  permeation  uf  their  limiting  mombrant 
by  tho  surrounding  liqui<ls. 

It  thould  be  mltlcd  that  besid(«  the  iliroct  alterations  wfai 

■  imbibition  and  transmission  of  water  and  watery  solutioi 
loid*  pmduec  la  orgnniu  matter,  they  produce  indir 
living  instruioentttl  in  convoying  into  tho  ttM 

n  Rj^ls  of  chsntiual  change,  and  convoying  oat  of  t 
the  products  of  chemical  chao^  they  old  in  oarrylog  i 
other  ro-di»tributiou«. 
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S  12.  As  elsewhere  shown  (J^ral  Frinciplea,  %  103)  Heat,  or 
ft  raised  state  of  molecular  vibration,  enables  incident  forces 
more  easily  to  produce  changes  of  molecular  arrangement  in 
organic  matter.  But  besides  this,  it  conduces  to  certain  vital 
changes  in  so  direct  a  way  as  to  become  their  chief  cause. 

The  power  of  the  organic  colluids  to  imbibe  wat^r,  and  to 
bring  along  with  it  into  their  substaifce  the  materials  which 
work  transformations,  would  not  be  continuously  operative 
if  the  water  imbibed  were  to  remain.  It  ia  because  it  escape*, 
and  is  replaced  by  more  containing  more  materials,  that  the 
BuccesaioD  of  changes  is  maintained.  Among  the  higher 
animals  and  higher  plants  its  escape  is  facilitated  by  evapor- 
ation. And  the  rate  of  evaporation  is,  other  things  equal, 
determined  by  heat.  Though  the  current  of  sap  in 

a  tree  is  mainly  caused  by  some  action,  probably  osmotic, 
that  is  at  work  in  the  roots ;  yet  the  loss  of  water  from 
the  surfaces  of  the  leaves,  and  the  consequent  absorption 
of  more  sap  into  the  leaves  by  capillary  attraction,  must 
largely  aid  the  circulation.  The  drooping  of  a  plant  when 
exposed  to  the  sunshine  while  the  earth  round  its  roots  is 
dry,  shows  us  how  evaporation  empties  the  sap-vessels ;  and 
the  quickness  with  which  a  withered  slip  revives  on  being 
placed  in  water,  shows  us  the  part  which  capillary  action 
plays  In  BO  far  then,  as  the  evaporation  from  a  plant's  sur* 
face  helps  to  produce  currents  of  sap  through  the  plant, 
we  must  regard  the  heat  which  produces  this  evaporation 
as  a  part-cause  of  those  re- distributions  of  matter  which 
these   currents  effect.  In   terrestrial  animals,  heat 

similarly  aids  the  changes  that  are  going  on.  The  exha- 
lation of  vapour  from  the  lungs  and  the  surface  of  the  skin, 
forming  the  chief  escape  of  the  water  that  is  swallowed, 
conduces  to  the  maintenance  of  those  currents  through  the 
tissues,  without  which  the  functions  would  cease.  For 
though  the  vascular  system  distributes  nutritive  fluids  in 
ramified  channels  through  the  body ;  yet  the  absorption  of 
thew  fluids  into  tissues,  partly  d^Minds  on  the  escape  of  fluids 
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which  the  li&iata  already  conlain.     TTence,  to  the  extent  tTwl4 
•uch  oscupo  18  fitcilitated  by  Gvaporation,  and  this  ovajHinitioii 
facilitated  by  beat,  beat  bocomes  an  agent  of  re-distribution 

ia  the  auimal  grganUm. 

I  13.  liight,  wbicb  U  now  tnown  to  modify  many  inor- 
ganic compounds — wRich  works  those  chemical  change 
utilized  in  pbotograpby,  causes  tho  combinations  of  ccHuia 
gases,  itltcrs  tho  raolecuUir  urrungements  of  many  cryatulst 
and  leaves  traces  of  its  action  even  on  substances  that  arc  ex- 
tremely stable, — may  be  expected  to  produce  marked  eifiect* 
on  substances  so  complex  and  unstable  as  those  which  make 
up  organic  bodice.  It  docs  produce  such  marked  eiTects ; 
iind  some  of  tbrm  are  among  tho  most  import4int  I 
organic  matter  uadergoee, 

Tbe  molecular  changes  wrought  by  light  in  animals,  a 
but  of  secondary  moment.     There  is  the  darkening  of  I. 
skin  that   follows  exposure  to  tho  sun's  rays.       There  i 
those  alterations  tn  the  retina  wbicb  cause  in  us  sensatioi 
of  colours.     And  on  certain  eyeless  creatures  that  are  seini- 
tnui^parcDt,   tbe   light    permeating   their    Bubstance    works 
soma  effect  evinced  by  movement.     But  speaking  geueniUy, 
tlio  opacity  of  animuU  limitii  the  action  of  light  to  thei 
•urfaces;  and  so  renders  its  direct  physiological  influi 
but  small."  Ou  plants,  however,  tho  solar  rays  thi 

|>roduce  in  us  the  impression  of  yellow,  ore  tbe  imraediatd 
■^{ents  of  those  molecular  changes  through  which  are  hourlj" 
lulated  the  materials  fur  further  growth.     Kx|H.Timei 
tiBhown  that  when  the  sun  shines  ou  living  Wves,  tlicy 
to    oxhnlo    oxygi-n    and    U>   occumuhito  carbon    and 
I — RHulu  which  aro  traced  to  tbe  decomposition  I 
the  solar  rays,  nf  the  carbonta  acid  and   wiitvr  absorbe 
It  is  now  an  accepted  conclusinn  that,  by  the  help  of  cert 


•  T1»  facnut  *f  loplntinn  laitBi  la  nsall  from  tha  proonM  of 
I  pnlnHf  sa  terftnw*  affect.  Il  i*  mnt  bkcly  dm  to  tha  meoiilian  et  mt 
r  liniisilir'  Ikni^  Uu  17*,  uJ  to  iha  MOMqncnt  bm 
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classes  of  the  ethereal  undulations  penetrating  their  leavesi 
plants  are  enabled  to  separate  from  the  associated  oxygen, 
those  t^o  elements  of  which  their  tissues  are  chiefly  built 
up. 

This  transformation  of  ethereal  undulations  into  certain 
molecular  re-arrangements  of  an  unstable  kind,  on  the  over* 
throw  of  which  the  stored-up  forces  are  liberated  in  new 
formsy  is  a  process  that  imderlies  all  organic  phenomena.  It 
will  therefore  be  well,  if  we  pause  a  moment  to  consider  whe- 
ther any  proximate  interpretation  of  it  is  possible.  Certain 
recent  researches  in  molecular  physics,  give  us  some  clue  to 
its  nature. 

The  elements  of  the  problem  are  these : — The  atoms  of 
several  ponderable  matters  exist  in  combination  :  those  that 
are  combined  having  strong  affinities,  but  having  also  affin- 
ities less  strong  for  some  of  the  surrounding  atoms  that  are 
otherwise  combined.  The  atoms  thus  united,  and  thus  mixed 
among  others  with  which  they  are  capable  of  uniting,  are 
exposed  to  the  imdulations  of  a  medium  that  is  relatively  so 
rare  as  to  seem  imponderable.  These  undulations  are  of 
numerous  kinds :  they  differ  greatly  in  their  lengths,  or  in 
the  frequency  with  which  they  recur  at  any  given  point. 
And  under  the  influence  of  undulations  of  a  certain  frequency, 
some  of  these  atoms  are  transferred  from  atoms  for  which  they 
have  a  stronger  affinity,  to  atoms  for  which  they  have  a  weaker 
affinity.  That  is  to  say,  particular  orders  of  waves  of  a  rela- 
tively imponderable  matter,  remove  particular  atoms  of  pon- 
derable matter  from  their  attachments,  aftd  carry  them  within 
reach  of  other  attachments.  Now  the  discoveries  of 

Bunsen  and  Kirchoff  respecting  the  absorption  of  particular 
luminiferous  undulations  by  the  vapours  of  particular  sub- 
stances, joined  with  Prof.  Tyndall's  discoveries  respecting 
the  absorption  of  heat  by  gases,  show  very  clearly  that  the 
atoms  of  each  substance  have  a  rate  of  vibration  in  harmony 
with  ethereal  waves  of  a  certain  length,  or  rapidity  of  recur- 
rence.   Every  special  kind  of  atom  can  be  made  to  oscillate 
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by  a  apct'uil  ordor  of  otboreal  waves,  which  arc  nbsorbod  i 
prodiiciii^  iu  oscillations ;  and  can  by  its  oscillations  generate 
this  aamo  order  of  ethereal  waves.  Whence  it  appears  thif 
tminoiisu  as  is  the  ditfLTontc  in  density  betweou  ether  aiu 
pouilcrablc  matter,  the  waves  of  tlie  one  can  act  the  atoms  o 
the  other  in  motion,  when  the  succeasive  impacts  of  the  wuv«| 
tire  so  timed  as  to  correspond  with  ttie  oscillations  c 
atoms.  The  otTccla  of  the  waves  are,  in  such  case,  outntil 
live ;  and  each  atom  gradually  acquires  a  momentum  made  UM 
of  countless  infiuitesunal   momenta.  Noto    further^'l 

that  unless  Die  members  of  a  chemieally-compoiind  atom  aniM 
ao  bound  up  as  to  be  incapable  of  any  relative  movements  (ftnl 
supposition  at  variance  with  the  conceptions  of  modem  science}  ' 
We  must  conceive  them  as  soveraliy  able  to  vibrato  in  unisoa 
or  harmony  with  those  same  classes  of  ethereal  waves  that 
alteut  them  in  their  uncombined  states.     While  the  compound 
atom  as  a  whole,  will  have  some  new  rat«  of  oscillation  d»> 
t«nninod  by  its  attributes  as  a  whole ;  ita  compoiicnta  will 
tvtain  their  original  ratesof  oscillation,  subject  only  to  modtfi 
cations  by  mutual  iufiueuco.  Such  being  the  cir 

oumiitaiiiies  of  the  case,  we  may  partially  understand  hoi 
the  sun's  roys  can  effect  chemical  dccompoHitiuns.  If  I 
incEnbcrs  of  a  binary  atom  stand  so  related  to  the  undulatioi 
lollinif  on  them,  that  one  is  thrown  into  a  state  of  lucre 
o«cillation  and  the  other  not ;  it  is  manifest  that  tbon 
must  nrise  a  tendency  towards  the  dislocatioa  of  the  two— • 
tendency  which  mar  or  may  not  take  clfiTt,  according  to  tha 
wcakncM  or  strength  of  tbeir  union,  and  according  to  tlis 
prcsc4ico  or  absence  of  collateral  affinitin.  This  iiifr?r^!iioc  ia 
in  harmtmy  witli  scvoral  significant  facta.  Dr  Draper 
romarLi  that  "  among  metallic  ■ubslanccs  (compounds)  those 
6rit  detected  to  bo  changed  by  light,  such  oa  aiUer,  gold, 
meraury,  lead,  have  all  high  atomic  weights ;  and  such  h 
•odium  and  potassium,  the  atomic  weights  of  which  are  low, 
appaarod  to  he  less  changoable."  As  hero  interpreted,  the 
(■ct  specified   amounts  tc  this;    that  tho  compoonds  most 
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readily  decompoeed  by  light,  are  these  in  which  there 
is  a  marked  contrast  between  the  atomic  weights  of  the 
conBtitaents,  and  probably  therefore  a  marked  contrast 
between  the  rapidities  of  their  vibrations.  The  circumatance, 
too,  that  different  chemical  coropounda  are  decomposed  or 
modiSed  in  different  parts  of  the  spectram,  implies  that  there 
ia  a  relation  between  special  orders  of  undulatiooa  and  special' 
orders  of  composite  atoms — doubtless  a  correspondence 
between  the  rates  of  these  imdulationa  and  the  rates  of 
oecillatioQ  which  some  of  the  components  of  such  atoms 
will  assume.  Strong  confirmation  of  this  view  may 

be  drawn  from  the  decomposing  actions  of  those  longer 
ethereal  waves  which  we  perceive  as  heat.  On  contemplating 
the  whole  series  of  binary  compounds,  we  see  that  the  ele- 
ments which  are  most  remote  in  their  atomic  weights,  b» 
hydrogen  and  the  noble  metals,  will  not  combine  at  all :  their 
vibrations  are  so  milike  that  they  cannot  keep  together 
nnder  any  conditions  of  temperature.  If  again  we  look  at  a 
smaller  group,  as  the  metallic  oxides,  we  see  that  whereas 
those  metals  that  have  atoms  nearest  in  weight  to  the  atoms 
of  oxygen,  cannot  be  separated  from  oxygen  by  heat-  even 
when  it  is  joined  by  a  powerful  collateral  affinity ;  those 
metals  which  differ  more  widely  from  oxygen  in  their  atomio 
weights,  con  be  de-oxidized  by  carbon  at  high  temperatures; 
and  those  which  differ  from  it  most  widely,  combine  with  it 
very  relactantly,  and  yield  it  up  if  exposed  to  thermal  undu- 
lations of  moderate  intensity.  And  here  indeed,  remem- 
bering the  relations  among  the  atomic  weights  in  the  two 
cases,  may  we  not  suspect  a  close  analogy  between  the  de- 
oxidation  of  a  metallic  oxide  by  carbon  under  the  influence 
of  the  longer  ethereal  waves,  and  the  de-carbonization  of 
earbonio  acid  by  hydrogen  under  the  influence  of  the  shorter 
ethereal  waves  P 

These  conceptions  help  ns  to  some  dim  notion  of  the  mode 
in  which  changes  are  wrought  by  light  in  the  leaves  of  plantsu 
AmoDg  the  several  elemenis  concerned,  there  are  wide  differ- 
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iiiLta  ID  molecular  mobility,  and  prubably  in  the  rates  f 
molcculurvibratioa.    Each  is  combined  withoncof  Uieotbo 
bul  it)  cajiablo  cf  forming  various  corabinaiioDs  with  the  rest. 
And  llicy  arc  aevcrally  in  prt'sence  of  a  complex  compound 
into  which  ihey  all  enter,  and  which  is  ready  to  a 
with  itself  the  new  compound  atoms  that  they  form.     Certa 
of  the  ethoreol  waves  fallin^j  on  them  when  thus  arraiigt 
there  results  a  detachment  of  some  of  the  combined  t 
and  a  union  of  the  rest.     And  tho  conclusion  Buggesl4.-d  i 
that  the  induced  vibrations  umon^  the  various  atoms  aa  ■ 
first  amngod,  are  so  incongruous  as  to  produce  instabilitj  j 
ond  to  gi\'o  collatfirol  afBnitioa  tho  power  to  work  i 
arrangcmE^t,  which,  though  leas  stable  under  other  condittooi 
i»  more  stable  in  the  presence  of  th<isu  [)articulur  nndu] 
tions.  There  seems,  indeed,  no  choice  but  lo  concuili 

tlie  matter  thus.  An  atom  united  with  one  for  which  it  1 
■  strong  aflinitr,  has  to  be  tninsr<.'rred  to  another  for  which 
it  has  a  wcuker  aHinity.  This  transfer  implii.'S  motion.  The 
motion  is  given  bv  tlio  wiiv<»  of  a  luediuiu  that  is  relatively 
imponderable.  No  one  wave  of  this  imponderable  medium 
con  give  the  requisito  motion  to  this  atom  of  ponderable 
matter:  especially  us  the  atom  iahuM  by  a  positive  force  besidci 
ita  inertia.  The  niotiou  nijutn-d  cun  hence  be  given  on] 
by  successive  waves ;  and  that  these  may  not  destroy  t 
other's  eirecls,  it  is  needful  that  each  shall  strike  the  utoiq 
just  when  it  has  completed  that  recoil  produced  by  tlie  impi 
of  previous  ones.  Tlint  is,  the  ethereal  uuduiutions  niu| 
coincide  in  rate  with  the  oaeillulions  of  the  atom,  dctcnuinej 
by  ils  inertia  and  the  forces  ncling  on  it.  It  is  ahto  ro([ui>iitJ 
tliat  the  rutfl  of  owullation  uf  the  atom  to  be  detached,  shal 
differ  from  that  of  the  atom  with  which  it  is  united; 
if  ttic  two  oscillated  in  uniH)n,  the  ethereal  waves  would  not 
tend  to  sejiarale  them.  And,  finally,  the  succc^sivo  impnot 
of  (bo  ethereal  waves  must  be  accumulated,  until  the  rtxultii 
oscillations  have  beoomo  bo  wid«  in  their  swn^p  as  greatly  t 
VeakcQ  the  cohesion  of  tho  unitod  Klonio,  at  the  siuuo  t 
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that  they  brin^  one  of  tliem  within  reach  of  other  atoms  with 
which  it  will  combine.  In  this  way  only  does  it  seem  possible 
for  Buch  a  force  to  produce  such  a  tranefer.  More- 

over, while  we  are  thus  enabled  to  conceive  how  light  may 
work  these  molecular  changes  ;  we  also  gain  an  insight  into 
the  method  by  which  the  insensible  molions  propa^ted  to 
ns  from  the  sun,  are  treasured  up  in  such  way  as  afterwards 
to  generate  sensible  motions.  By  the  accumulation  of  in- 
Huitesimal  impacts,  atoms  of  ponderable  matter  are  made  to 
oscillate.  The  quantity  of  motion  which  each  of  them 
eventoally  acquires,  effects  its  transfer  to  a  position  of  un- 
stable equilibrium,  from  which  it  can  afterwards  bo  readily 
dislodged.  And  when  so  dislodged,  along  with  other  atoms 
similarly  and  simultaneously  affected,  there  is  suddenly  given 
out  oil  the  motion  which  had  been  before  impressed  on  it. 

Speculation  aside,  however,  that  which  it  concerns  us  to 
notice,  is  the  broad  fact  that  light  is  an  oll-importunt  agent 
of  molecular  changes  in  organic  substances.  It  is  not  hero 
neceesary  for  us  to  ascertain  hote  light  produces  these  compo- 
sitions and  decompositions :  it  is  necessary  only  for  us  to 
observe  that  it  doe»  produce  them.  That  the  characteristic 
matter  called  chlorophyll,  which  gives  the  green  colour  to 
leaves,  makes  ils  appearance  whenever  the  blanched  shoots  of 
plants  are  exposed  to  the  sun ;  that  the  petals  of  flowers, 
uneoloured  while  in  the  bud,  acquire  their  bright  tints  as 
they  unfold ;  and  that  on  the  outer  surfaces  of  animals, 
analogous  changes  are  induced ;  are  wide  inductions  which 
tfe  enough  for  our  present  purpose. 

%  14.  We  come  next  to  the  agency  of  chief  importano« 
among  those  that  work  changes  in  organic  mutter  ;  namely, 
chemical  affinity.  How  readily  vegetal  and  animal  substances 
are  modified  by  other  substances  put  in  contact  with  them, 
we  see  daily  illustrated.  Sesidea  the  many  compounds  which 
cause  the  death  of  an  organism  into  which  they  are  put,  wo 
have  the  much  greater  number  of  compounds  which  work 
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those  milder  effects  termed  medicinal— eflbcU  iinplyinp,  It^ 
the  otiiors,  molocular  rc-arrangcmonU.  liidocd,  nearly  i 
soluble  chemical  compounds,  natural  aud  artilicial,  produt 
when  taken  into  the  body,  alterations  that  are  more  or  1m 
conspicuous  in  thotr  results. 

After  what  was  shown  in  the  last  chapter,  it  will  bo  mani- 
fest that  this  extremo  mwliliability  of  organic  matter  by 
chemical  agencies,  is  the  chief  cause  of  that  active  molecular 
ro- arrangement  which  urgauisnia,  and  especially  animal  or- 
ganisms, displiiy.  In  the  two  fundamental  functions  of_ 
nutrition  and  respiration,  wo  have  the  means  by  which  I 
supply  of  materials  for  this  active  molecular  re-arrangemoi 
is  maintained. 

Thus  the  process  of  animal  nutrition  consists  in  the  almorp- 
tion,  partly  of  those  complex  substances  that  are  thiiii  highly 
capable  of  boin;r  chemically  altered,  and  partly  in  the  ahsorp-— 
tion  of  nmpler  subslunccs  cjipable  of  chemically  altcritt 
them.     The  tissues  always  contain  small  qoantitius  of  alb 
line  and  earthy  salts,  which  enter  the  system  in  one  forr 
ttnd  are  excreted  in  another.    Tliough  we  do  not  know  epe- 
oiflcally  the  parts   which   thoM:  salts  play,  yet   from   their 
mivorsal  prcaeuce,  and  from  the  trann formations  which  thafim 
undergo  in  the  body,  it  may  be  safely  inferred  that  thol 
ehcmical  affinities  are  instrumental  in  working  somi 
irpboses  over  going  on. 

inorganic  siibstaocc.  however,  on  which  mainly  depend 
inctiimorphoscs  ia  organic  mutter,  is  not  swallowed 
along  with  the  s<.>liil  and  liquid  fetid,  but  ia  absorbed  froi 
ihc  surrounding  mcdiuiu— air  or  water,  aa  the  case  may  li 
Whether  the  oxygen  taken  in,  eithnr,  u  by  tho  1<» 
animals,  through  the  geoeml  surface,  or,  U  by  the  hif,'!u 
animals,  thniugh  respiratory  organs,  k  tlie  immediate  c, 
of  thoM  niolceulur  chaiigea  that  ore  ever  going  on  through 
out  the  living  tissues;  or  whether  tho  oxygon,  playing  l' 
lart  of  acavonger,  merely  aid*  llipao  changes  by  carryui 
twfty  the  prudncU  of  deeomiHMilious  othoiwiso  ca 
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•qnoUy  remains  true,  that  these  changes  are  maintained  hj 
its  instrumentality.  Whether  the  oxygen  absorbed  and 
diffused  through  the  Bystem,  effects  a  direct  oxidation  of  the 
oi^ianic  colloids  which  it  permeates ;  or  whether  it  first  leads 
to  the  formation  of  simpler  and  more  oxidized  compoundR, 
that  are  afterwards  further  oxidized  and  reduced  to  stiU 
eimpler  forms ;  matters  not,  in  so  far  as  the  general  result  is 
eonceraed.  In  any  case  it  holds  good,  that  the  substances 
of  which  the  animal  body  is  built  up,  enter  it  in  a  but 
slightly  oxidized  and  highly  unstable  state ;  while  the  great 
mass  of  them  leave  it  in  a  fully  oxidized  and  stable  state. 
It  follows,  therefore,  that  whatever  the  special  changes  gono 
through,  the  general  process  is  a  falling  from  a  state  of  un- 
stable chemical  equilibrium,  to  a  state  of  stable  chemical 
equilibrium.  Whether  this  process  be  direct  or  indirect, 
the  total  molecular  re-arrangement  and  the  total  motion 
given  out  in  effecting  it,  must  bo  the  same. 

§  15.  There  is  another  species  of  re- distribution  among 
the  component  units  of  organisms,  which  is  not  immediately 
effected  by  the  afBnities  of  the  units  concerned,  but  is  me- 
diately effected  by  other  affinities ;  and  there  is  reason  to 
think  that  the  re-distribution  thus  caused,  is  important  in 
amount,  if  not  indeed  the  most  important.  In  orditmry  coses 
of  chemical  action,  the  two  or  more  substances  concerned, 
themselves  undergo  changes  of  molecular  arrangement;  and 
the  changes  are  confined  to  the  substances  themselves.  But 
there  are  other  cases  in  which  the  chemical  action  going  on, 
does  not  end  with  the  substances  at  first  concerned ;  but  seta 
going  chemical  actions,  or  changes  of  molecular  arrangement, 
among  surrounding  substances  that  would  else  remain  qui- 
escent. And  there  are  yet  Auiher  cases  in  which  mere 
contact  with  a  substance  that  is  itself  quiescent,  will  cause 
other  substances  to  undergo  rapid  metamorphoses.  In 

what  we  call  fermentation,  tho  first  species  of  this  communi- 
Mted  chemical  action  is   exemplified.     One  part  of  yoaat. 
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vliilo  lUc^If  undergoing  moliMitilur  cliuiigcs,  will  convert  ld| 
jmrU  of  sugar  into  alcuhol  and  carbonic  uoid ;  mid  dnriiig  9 
own  decomposition,  one  part  of  diastase  "  ia  uliio  Uy  vttvct  t 
trattafornmiioQ  of  more  tliiiu  1000  times  its  weight  of  ataTfl 
into  sugar."  Aa  illustnitions  of  tlio  second  S])ecic«^ 

may  bo  mentioned  those  clianges  wiiich  aro  suddcidy  produco<l 
iu  many  colloids  by  niinut«  fxirtiona  of  various  sulistanca 
fidiltrd  to  tlicm — substancca  lliat  are  not  undergoing  t 
manifest  transformation,  and  suffer  no  appreciublo  effi 
from  the  contact.  The  naturo  of  the  iirst  of  these  tnj 

kinds  of  communicated  molecular  change,  whii;h  hero  chio 
conocma  us,  may  bo  rudely  represenled  by  ecrluin  Tisibl 
oliange*  that  are  ccimmuuicatod  from  mass  to  mass,  vh 
Bcrios  of  masses  has  been  arranged  in  a  s[)ccial  way.     The 
simplest  cxnmpio  b  that  fuminlji-d  by  tho  child's  pluy  of 
•ettiug  bricks  on  end  in  a  row,  in  such  positirHis  tlint  when 
thti  fint  is  overthrown  it  overthrows  the  acwmd ;  the  aecoud, 
the  third ;  the  third,  the  founh  ;  and  so  on  to  the  end  of  th« 
row.     Hero  we  have  n  number  of  units  severally  placed  in 
anstuhlc  equilibrium,  and  in  Huch  ndutivv  positions  that  each, 
whilo  fulling  into  a  stat«  of  etublo  equilibrium,  gives  an  ink> 
pulae  to  tho  next,  suilieiont  to  make  the  next,  aUo,  fall  fro 
nnstablu  to  stable  equilibrium.     Now  ainoo  among  mingla 
compound  sttims,  no  one  can  undergo  change  in  the  a 
ment  of  its  parts  without  a  molecular  motion  that  must  cand 
■ome  disturbance  nil  around ;  and  sinco  an  adjacent  ata 
disturU^d  by  this  communicated  motion,  may  have  th«  nrrangi 
meat  of  it«  constituent  molecules  altered,  if  it  ia  not  a  s 
arrangement ;  and  since  we  know,  both  that  the  atoms  n 
are  changed  by  this  so-colled  ualalyaiii  are  unstablo,  and  thql 
tho  atoms  resulting  from  their  ohungo  aro  more  atahlu; 
Mcms  probable  that  tho  tratisrormation  ia  really  analogoi 
in   pnaciplvv  to   the   familiar  ouo   named.     Whotlier  th^ 
int«q>r<:table  or  not,  however,  there  is  great  reason  for  think- 
ing tlidt  to  this  kind  gf  uotion,  is  duo  a  largo  amount  of  viluJ 
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metamorpliosis.  Let  ns  contemplate  the  seyeral  groups  of 
facts  which  point  to  this  conclusion. 

In  the  last  chapter  (§  2)  we  incidentally  noted  the  extreme 
instability  of  nitrogenous  compounds  in  generaL  We  saw 
that  sundry  of  them  are  liable  to  explode  on  the  slightest 
incentive — sometimes  without  any  apparent  cause ;  and  that 
of  the  rest,  the  great  majority  are  very  easily  decomposed  by 
heat,  and  by  other  substances.  We  shall  perceive  much 
significance  in  this  general  characteristic,  when  we  join  it 
with  the  fact,  that  the  substances  capable  of  initiating  extensive 
molecular  changes  in  the  manner  above  described,  are  all 
nitrogenous  ones.  Yeast  consists  of  vegetal  cells  containing 
nitrogen, — cells  that  grow  by  assimilating  the  nitrogenous 
matter  contained  in  wort.  Similarly,  the  "  vinegar-plant," 
which  so  greatly  facilitates  the  formation  of  acetic  acid  from 
alcohol,  is  a  fungoid  growth,  that  is  doubtless,  like  others  of 
its  class,  rich  in  nitrogenous  compounds.  Diastase,  by  which 
the  transformation  of  starch  into  sugar  is  effected,  during 
the  process  of  malting,  is  also  a  nitrogenous  body.  So  too 
is  a  substance  called  synaptase — an  albumenous  principle 
contained  in  almonds,  that  has  the  power  of  working  several 
metamorphoses  in  the  matters  associated  with  it.  These 
nitrogenized  compounds,  like  the  rest  of  their  family,  artt 
remarkable  for  the  rapidity  with  which  they  decompose ;  and 
the  extensive  changes  produced  by  them  in  the  accompanying 
oxy-hydro-carbons,  are  found  to  vary  in  their  kinds  accord- 
ing as  the  decompositions  of  the  ferments  vary  in  their 
stages.  We  have  next  to  note,  as  having  here  a 

meaning  for  us,  the  chemical  contrasts  between  those  organ- 
isms which  carry  on  their  functions  by  the  help  of  external 
forces,  and  those  which  carry  on  their  functions  by  forces 
evolved  from  within.  If  we  compare  animals  and  plants,  we 
see  that  whereas  plants,  characterized  as  a  class  by  containing 
but  little  nitrogen,  are  dependent  on  the  solar  rays  for  their 
vital  activities ;  animah,  the  vital  activities  of  which  are  not 
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111  US  depGQdcnt,  mainly  consist  of  nitrogenona  Babstani 
There  is  one  marked  exception  to  this  broad  distinction,  how- 
ever; and  this  exception  ia  specialty  instructive.  Among 
pUnls,  tbero  ia  a  considorablo  group — the  Fungi — muny  mem- 
bcra  of  which,  if  not  all,  can  live  und  grow  in  the  dark ;  und 
it  is  their  pocaliarity  that  they  are  very  much  more  nitro- 
genous tlian  other  plants.  Yet  a  tLird •class  of  facta 
of  like  significance,  is  disclosed  when  we  compare  difft 
portions  of  the  same  organisms.  The  st^'dof  a  plant  com 
nitroguuoDs  substance  in  a  far  higher  ratio  thun  the  rest 
the  plant ;  and  .the  seed  differs  from  the  rest  of  tho  plant  in 
its  ability  to  initiate,  in  the  absence  of  light,  extensive  vital 
chnngea— the  changes  constituting  germination.  Similarly 
in  the  bodies  of  animals,  those  parts  which  carry  on  active 
functions  ure  nitrogouous;  wliilc  parts  that  are  non-nitro- 
gviiuu* — aa  the  deposits  of  fat — carry  on  do  active  functions. 
And  we  even  find  that  tho  appearance  of  non-nitmgcnona 
matter,  thronghont  tissues  normally  composed  almost  wholly 
of  nitrogenous  mattj>r,  is  accompanied  by  loss  of  activity : 
what  is  called  fatty  degeneration,  being  the  concomitant  of 
fdiling  vitality.  Ono  mure  foot  which  serves  Lo  muko 
still  clcorer  tlic  meaning  of  tho  foregoing  ones,  still  remains — 
tho  fact,  namt-Iy,  thai  in  no  port  of  any  organism  wliere  vital 
changes  are  going  on,  ia  nitrogi>noiu  matter  wholly  allM^nt. 
It  is  oommou  to  tpeak  of  plants— or  at  least  all  parts  of 
phints  hut  tlio  socds — as  non-nitrogtmoua.  But  they  are  oiilj 
tvUtivuly  ta> ;  not  absolutely.  Tho  quantity  of  alhumcnoid 
Bubstanco  contained  in  the  tissues  of  plants,  is  extremely  biriiII 
compared  with  tlio  quantity  contained  in  tho  tissues  of  ani- 
mals; but  all  plont-tiwuca  which  aT«  discharging  ncti^'e 
functions,  contain  some  albumcnoid  substance.  In  cvi 
living  Tvgetal  cell  there  is  a  certain  part  that  contains  nil 
geo.     This  part  initiate*  tlaoao  ehangca  which  constituto 

nunt  of  Uw  ceil.  And  if  it  cannot  be  said  that  tbft 
(/in/  vlririe,  as  this  nitrogenous  part  is  ciilli'rl,  i*  tho 
:  of  all  subsciuuul  chan^  uodcrgouu  by  the  ceil,  it 


facta 

itui^^^l 

tnt  in  ' 
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nevertheless  continues  to  be  the  part  in  which  the  independent 
activity  is  most  marked. 

Looking  at  the  evidence  thus  brought  together,  do  we 
not    get  an  insight  into  the  part    played  by  nitrogenous 
matter  in  organic  changes  P    We  see  that  nitrogenous  com* 
pounds  in  general,  are  extremely  prone  to  decompose :  their 
decomposition  often  involving  a  sudden  and  great  evolution 
of  force.     We  see  that  the  substances  classed  as  ferments, 
which,  during  their  own  molecular  changes,  set  up  molecular 
changes  in  the  accompanying    oxy-hydro-carbons,   are  all 
nitrogenous.     We  see  that  among  classes  of  organisms,  and 
among  the  parts  of  each  organism,  there  is  a  relation  between 
the  amount  of  nitrogenous  matter  present  and  the  amount  of 
independent  activity.     And  we  see  that  even  in  organisms 
and  parts  of  organisms  where  the  activity  is   least,  such 
changes  as  do  take  place  are  initiated  by  a  substance  contain- 
ing nitrogen.     Does  it  not  seem  probable,  then,  that  these 
extremely  unstable  compounds,  have  everywhere  the  effect  of 
communicating  to  the  less  unstable  compounds  associated 
with  them,  molecular  movements  towards  a  stable  state,  like 
those  they  are  themselves  undergoing  P    The  changes  which 
we  thus  suppose  nitrogenous  matter  to  produce  in  a  body, 
are  clearly  analogous  to  those  which  we  see  it  produce  out  of 
the  body.     Out  of  the  body,  certain  oxy-hydro-carbons  in  con- 
tinued contact  with  nitrogenous  matter,  are  transformed  into 
carbonic  acid  and  alcohol,  and  unless  prevented  the  alcohol 
is  transformed  into  acetic  acid  :  the  substances  formed  being 
thus  more  highly  oxidized  and  more  stable  than  the  substances 
destroyed.      In  the    body,   these  same   oxy-hydro-carbons 
together  with  some  hydro-carbons,  in  continued  contact  with 
nitrogenous  matter,   are  transformed  into  carbonic  acid  and 
water  :  substances  which  are  also  more  highly  oxidized  and 
more  stable  than  those  from  which  they  result.     And  since 
acetic  acid  is  itself  resolved  by  further  oxidation  into  carbonio 
acid  and  water ;  we  see  that  the  chief  difference  between  the 
two  cases,  is,  that  the  process  is  more  completely  effected  in  tha 
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Ixtdy,  than  it  is  out  of  the  body,*  Thus,  to  carry  furthrr  the 
simile  udod  above,  the  atoms  of  hjtlro- carbons  and  oxy-Lydru. 
carbons  oontainod  in  the  ti^ues,  ara,  like  bricks  on  end,  not  in 
tho  stablest  equilibrium,  but  still  in  nn  equilibrium  so  stable, 
that  they  eaiinot  bo  overlhrowii  by  the  chemical  and  thermal 
forces  which  the  body  biings  to  bear  on  them.  On  tho  other 
hand,  being  like  similarly-ji laced  bricks  that  have  very  nar- 
rov  ends,  the  nitrogunous  aUmia  contained  in  the  tissues  are 
in  so  unstable  an  equilibrium  that  they  caimot  withstand 
these  forccfl.  And  when  these  dclicatoly-poisod  ritrogenooa 
atoms  fall  into  stable  arraiigcraenls,  they  givo  impitlsea  to 
the  more  firmly-poised  non -nitrogenous  atoms,  which  canso 
them  also  to  fall  into  alablo  arrangemenu.  It  is  a 

curious  and  significant  fact,  that  in  Ihc  arts,  we  not  only 
Ktilizo  this  tame  principlo  of  initjuting  extonsivo  changes 
among  compatatirely  stable  compuundn,  by  the  help  of  com- 
poonds  much  less  stable ;  but  we  employ  for  tlic  puqtoas 
compounds  of  tho  same  general  chisa.  Our  modem  method 
of  firing  a  gun,  is  to  place  in  cloiw  proximity  with  the  gun- 
powder which  wo  wish  to  dccomposo  or  osplode,  a  small  por- 
tion of  fulminating  powder,  which  is  docompoeed  ur  exploded 
with  cxtmmc  facility ;  and  which,  on  deoomimsiiig,  communi* 
caica  the  consequent  mohicular  disturbance  to  the  less-eastly 
decomposed  gunpowder.  When  we  ask  what  this  fulminating 
powder  is  composed  of,  we  find  that  it  is  a  nitrogeuoua  salt. 
.  Thus  various  evidences  point  to  the  oonolosion.  that  besidoi 
tho  molecular  rv^arrangemenU  pro.lucod  in  organic  matter  by 
direct  chcmtcal  action,  there  are  olhera  of  kindred  imporianco 
produced  by  indirect  vhcmicat  action.     ludovd,  tho  infereuco 

■  M^r  it  nM  bi  wall  lu  bi(]oin  otielhcr  ulcolial  la  not,  in  ■  gmlAt  or  \m» 
luiaun,  tranidnmil  id  tb>  bodr  ■nt'i  (iialic  actil  f  U.  whtti  ia  mntarl  will) 
cliui|[>nf  OKrojicnoD*  niUfi,  ia  ivwcDcg  of  oijuim.  alollDl  BOJcripm  tl.U 
lr*n*rk)rn»tiM  out  at  tbc  body,  it  aMou  nU  im^Ubla  tllM  il  ilui*  •»  >b  tb>  Wl/ 
— opfciaUf  ■*  tb*  tVffi  tinnpinlurv  •rliicti  sliU  tli*  itutng*  ii 
k  Uia  Dtlitr.  ll  WDoU  b«  oat  d(  pluw  Iwn  to  irt  duwn  Ibt  luiulrj  Wu  'd 
tovBtatata  Oiit  Ujpol^nk.  I  101;  ■■]'.  knactsr,  tb>(  il  ■pp«ncaUj  r 
nn*  vl  Um  dUBcollui  utiidi  at  ptw&t  pcrpim  1^  fUiatiufc 
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that  some  of  the  leading  transformations  occurring  in  the 
animal  organism,  are  due  to  this  so-called  catalysis,  appears 
necessitated  by  the  general  aspect  of  the  facts ;  apart  from 
any  such  detailed  interpretations  as  the  foregoing.  AVe  know 
that  various  amylaceous  and  saccharine  matters  taken  as  food, 
are  decomposed  in  their  course  through  the  body.  We  know 
that  these  matters  do  not  become  components  of  the  tissuesi 
but  only  of  the  fluids  circulating  through  them ;  and  that 
thus  their  metamorphosis  is  not  an  immediate  result  of  the 
organic  activities.  We  know  that  their  stability  is  such  that 
the  thermal  and  chemical  forces  to  which  they  are  exposed 
in  the  body,  cannot  alone  decompose  them.  The  only  explan- 
ation open  to  us,  therefore,  is  that  the  transformation  of  these 
oxy-hydro-carbons,  into  carbonic  acid  and  water,  is  due  to 
communicated  chemical  action. 

§  16.  This  chapter  will  have  served  its  purpo^  if  it  has 
given  a  conception  of  the  extreme  modifiability  of  organic 
matter  by  surrounding 'agencies.  Even  did  space  permit, 
it  would  be  needless  to  describe  in  detail  the  immensely 
varied  and  complicated  changes  which  the  forces  from  mo- 
ment to  moment  acting  on  them,  Tvork  in  living  bodies. 
Dealing  with  biology  in  its  general  principles,  it  concerns  us 
only  to  notice  how  specially  sensitive  are  the  substances  of 
which  organisms  are  built  up,  to  the  varied  influences  that 
act  upon  organisms.  And  their  special  sensitiveness  has  beei} 
made  sufficiently  manifest^  in  the  several  foregoing  ^ectioor 
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1 17.  RE-DisTBiBunoKa  of  Matter,  imply  concomitant  ro- 
distribnfions  of  Uotion.  That  which  under  one  of  itu  oapcclfl 
wc  conlcmpIat«  as  an  RltrrntioH  of  arrangement  among:  the 
parts  of  a  body,  is,  under  a  corrt-lative  aspect,  an  oltomtioa 
of  arran^fpincnt  among  certoin  momenta  whereby  tb«so  parts 
»ro  impelled  to  their  now  positions.  At  the  aamo  time  that 
a  force,  acting  differently  on  the  different  uniU  of  on  ag^r&- 
gate,  ohangofl  their  rchitiona  to  each  other;  those  unito,  re- 
acting differently  on  the  different  parts  of  the  force,  work 
equiralcnt  chttnjsos  in  the  relationB  of  the-se  to  one  another. 
In«cpiirubly  ounneetM  aa  they  are,  tlieae  two  orders  of  pho- 
noDii<na  are  liablo  to  bo  coiifoundtHl  together.  It  is  very 
needful,  however,  to  dintinguiiih  b<;tweea  them.  In  the  lust 
chapter,  wo  took  a  r.ipid  iinrvey  of  the  rc-diHtributiona  which 
forces  produce  in  organic  muttor ;  and  here  we  muat  take  a 
like  survey  of  iho  simultaneous  re> distributions  undergone  by 
•h«  forct's. 

At  the  outsot  we  are  mot  by  a  diffitmUy.  The  porta  of  an 
inorganic  mass  undurguiug  re>arntn^uent  by  an  incident 
^  aro,  in  most  c-4Wos,  pa-wive — do  not  complicate  thoso 
■  re-ootions  that  ro^ult  from  their  inertia,  by  other 
I  which  thoy  origiuute.  liut  in  orgnnio  matter,  the 
f^amng«l  parts  du  not  ro-act  in  virtno  of  their  inertia  only : 
ihaj  aro  so  conetitutod  that  tho  iacidont  force  usually  sets  up 


THB   BK'ACTIONS   OF   OSQANIC    HATTBU   ON   FORCES.        43 

in  them,  oUier  actions  which  are  much  more  important. 
Indeed,  what  we  may  call  the  indirect  re-actions  thus  caused, 
are  so  great  in  their  amoonta  compared  with  the  direct  re- 
actions, that  they  quite  obscure  them. 

In  strictness,  these  two  kinds  of  re-action  shouhl  not  be 
dealt  with  together.  Tho  impossibility  of  separatin^^  them, 
however,  compels  us  to  disregard  the  distinction  between 
them.  Under  the  above  general  title,  we  muat  include  both 
the  immediate  re-actions  and  those  re-actions  mediately 
produced,  which  are  among  the  most  conspicuous  of  vital 
phenomena. 

1 18.  From  organic  matter,  as  irom  all  other  matter, 
incident  forces  call  forth  that  re-action  which  we  know  as 
heat.  More  or  less  of  molecular  vibration  almost  necessarily 
results,  when,  to  the  forces  at  work  among  the  molecules 
of  any  aggregate,  other  forces  are  added.  Experiment 
abundantly  demonstrates  this  in  the  case  of  inorganic 
mosses ;  and  it  muat  equally  hold  in  the  case  of  organio 
masses.  In  both  cases  the  force  which,  more  mark- 

edly than  any  other,  produces  this  thermal  re-action,  is  that 
which  causes  the  union  of  diSerent  substances  with  each 
other.  Though  inanimate  bodies  admit  of  being  greatly 
heated  by  pressure  and  by  the  electric  current,  yet  the 
evolutions  of  heat  thus  induced,  are  neither  so  common,  nor 
in  most  cases  so  conspicuous,  as  those  resulting  from  chemical 
combination.  And  though  in  animate  b6dies,  there  are 
doubtless  certain  amounts  of  heat  generated  by  other  actions ; 
yet  these  are  all  secondary  to  the  heat  generated  by  the 
action  of  oxygen  on  the  substances  composing  the  tissues  and 
the  substances  contained  in  them.  Here,  however, 

we  see  one  of  the  characteristic  distinctions  between  inani- 
mate and  animate  bodies.  Among  the  first,  there  are  but 
few  which  ordinarily  exist  in  a  condition  to  evolve  the  heat 
caused  by  chemical  combination;  and  such  as  are  in  this 
condition  soon  cease  to  be  so,  when  chemical  combination 
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sad  gonesu  of  heat  once  begin  in  them.  Whereas  among 
the  Bocond,  there  universally  oxUta  the  ability,  more  or  luss 
decided,  thus  to  evolve  heat ;  and  the  evolution  of  heat,  io 
Bomo  cases  very  slight  and  in  no  coses  very  great,  contiuuua 
aa  long  as  they  remain  animate  bodies. 

The  rchition  between  active  change  of  matter  and  re-acttva 
genesis  of  atomic  vibration,  is  cbarly  shown  by  the  contraata 
between  different  organisniB,  and  between  difioront  stales  and 
parts  of  tLo  sanio  organism.  In  plants,  the  genesis  of  licat  ia 
cxtreinoly  small,  in  correspondence  with  their  extremely 
small  production  of  carbonic  acid :  those  portions  only,  aa 
flowers  and  germinating  seeds,  in  which  considerable  oxidation 
is  going  on,  having  a  decidedly  raised  tcmpcratnro.  Among 
onimala,  we  see  that  the  bot-btoodcd  are  those  which  ezpt^itd 
much  force  and  respire  actively.  We  see  thut  though  such 
creolnres  as  insectaarescurcoly  at  all  warmer  than  the  surround- 
ing air  when  they  are  still,  they  rise  several  degrees  above  it 
when  thoy  cxort  tliemmlvos ;  and  that  in  crvatwres  like  our- 
aclvr»,  which  habitually  muiiilain  a  hi>at  much  great^-r  llian 
that  of  their  medium,  exercise  tt  ai'Compunic<l  by  an  ad> 
ditionul  production  of  heat,  often  to  an  inconvenient  exUmt. 

'fliia  molecular  agitation  accompanying  the  molecular 
re-arrangenicnls  thot  aro  caused  by  oxygen  taken  into  th« 
•nimtd  orgauism,  must  result  both  from  the  union  of  oxygen 
with  those  nitnigeuous  mutters  of  which  the  tissues  are 
composed,  and  from  its  union  with  tbo*o  non-nitrogenous 
tnattera  which  ore  diffused  through  the  lissntw.  Just  a»  much 
boat  OS  would  be  caused  by  the  oxidation  of  such  matters 
out  of  the  body,  most  be  caused  by  their  oxidation  in  th« 
body.  Io  the  ono  case  as  in  the  othor,  the  hont  must  bo  r» 
gardod  as  a  concomitant  Whether  the  distinction 

made  by  Ltvbig  between  nitrogenous  substances  as  tissue- 
food,  sod  non- nitrogenous  subatunues  its  heat-food,  he  true  or 
Dot  in  a  narrower  scnn^,  it  cannot  be  accepted  in  the  senm 
that  tissno-food  is  not  also  heat-food.  Indeed  he  does  not 
bimietf  assert  it  in  this  acnsu.    Tho  ability  of  camivuroui 
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Milmala  to  live  and  generate  heat  while  consaming  matter  that 
is  almost  exclusively  mtrogenous,  to  say  nothing  of  the  con- 
stant relation  above  shown  between  functional  activity  and  the 
evolution  of  heat,  suffices  to  prove  that  the  nitrogenous  com- 
pounds forming  the  tissues  are  heat- producers,  as  well  as  the 
non- nitrogenous  compounds  circulating  among  and  through 
ttie  tissues.  But  it  is  possible  that  this  antithesis  is  not 

true  even  in  the  more  restricted  sense.  It  seems  quite  an 
admissible  hypothesis  that  the  hydro-carbons  and  oxy-hydro- 
carbons  which,  in  traversing  the  system,  are  transformed  1^ 
communicated  chemical  action,  evolve  during  their  transform- 
ation, not  heat  alone,  but  also  other  kinds  of  force.  It  may  be 
that  as  the  nitrogenous  matter,  while  falling  into  more  stable 
molecular  arrangements,  generates  both  that  molecular  agi- 
tation called  heat,  and  such  other  molecular  movements  as  are 
resolved  into  forces  expended  by  the  organism ;  so,  too,  does 
the  non-nitrogenous  matter.  Or  perhaps  the  concomitants  of 
this  metamorphosis  of  non-nitrogenous  matter,  vary  with  the 
conditions.  Heat  alone  may  result  when  it  is  transformed 
while  ia  the  circulating  fluids ,  but  partly  heat,  and  partly 
another  force,  when  it  is  transformed  in  some  active  tissue  that 
has  absorbed  it :  just  as  coal,  though  producing  little  else  but 
heat  as  ordinarily  burnt,  has  its  heat  partially  transformed  into 
mechanical  motion  if  burnt  in  a  steam-engine  furnace.  In 
Such  case,  the  antithesis  of  Liebig  would  be  reduced  to  this ; 
— that  whereas  nitrogenous  substance  is  tissue-food  both  aa 
material  for  building-up  tissue  and  as  material  for  its  function; 
non- nitrogenous  substance  is  tissue-food  only  as  material  for 
function. 

There  can  be  no  doubt  that  this  thermal  re-action  which 
chemical  action  from  moment  to  moment  produces  in  the  body, 
k  from  moment  to  moment  an  aid  to  further  chemical 
action.  "We  before  saw  (First  PrinctpUa,  g  103)  that  a  state 
of  raised  molecular  Tibration,  is  favourable  to  those  re-dis- 
tributions of  matter  and  motion  which  constitute  Evolution. 
We  saw  that  in  organisma  distinguished  by  tho  amount  and 
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rupiility  of  sacli  re-distributions,  this  raiaed  slate  of  moleci 
vibnilioQ  is  oonspicuous.  And  wo  here  see  that  this  t 
etuto  of  molecular  vibration,  is  itself  a  continuous  consoqucDM 
of  the  continuous  molecular  re-distributions  it  fnciUtatefc^ 
Th9  boat  genoratod  by  each  increment  of  chcmit^ul  change* 
makes  possible  the  eucceeding  increment  of  chemical  change. 
In  the  body  this  connexion  of  phenomena  is  the  same  us  we 
Meo  it  to  bo  out  of  Uie  body.  Just  an  in  a  burning  pieco  i^  t 
wood,  the  heat  given  out  by  the  portion  actually  combiniq 
witli  oxygen,  raisee  the  adjacent  portion  to  a  tcinporature  R 
which  ii  also  can  combine  with  oxygen ;  ao,  in  a  living 
animal,  tbc  heat  produced  by  oxidation  of  tiatth  portion  of 
timac,  maintains  the  temperature  at  which  the  unoxidized 
g>ortions  can  be  readily  oxidised. 

{  19.  Among  the  forces  cuilcd  forth  from  organisms  by 
ro-ftction  against  the  aetions  to  wbich  they  aru  subjoct,  is 
Ugbt.  Fbosphoresccnctf  is  in  some  few  casea  disjiluyod  by 
plants — oBpocially  by  certain  fungi.  Among  animals  it  ia 
tfonoporatiTely  common.  All  know  that  there  are  several 
kinds  of  luminous  iustKita ;  and  many  are  fumiliur  with  the 
(act  that  luminosity  is  a  oharacterimie  of  various  moriae 
creatures. 

>Io«t  of  the  oridence  goes  to  show  that  this  evolution  of 
light,  as  well  OS  the  evolution  of  heat,  is  consequent  on  oxi* 
dation  of  the  tissues.  Light,  like  heat,  ts  tliu  expression  of  a 
ratscd  state  of  molecular  vibration :  the  dilfereuoe  between 
tbem  being  a  diUuronce  in  the  raltw  of  vibmtiun.  Hence  1^ 
chemical  action  on  substances  eoutaiued  in  the  organism,  1 
or  light  may  bo  produced,  according  to  the  character  uf  HmM 
rcvulting  niuleculur  vibmlioT:*.  The  inferem 

oxidation  is  the  cause  of  this  luniinoitily,  dues  not,  houeTor, 
rat  only  on  d  priori  grounds.  It  ia  supported  by  oxpori* 
mental  evidonce.  In  pbosphorescent  insects,  the  contiuuaaos 
at  the  light  is  found  to  depend  on  the  continuance  of  rcsplro* 
lion ;  and  any  exertion  which  renden  respiration  more  aotin^ 
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» the  brilliancy  of  the  light.  Moreover,  by  separaticg 
the  luminous  matter,  Frof.  Hattoucci  has  shown  that  its 
emissioii  of  light  is  accompanied  by  absorption  of  oxygen 
and  escape  of  carbonic  acid.  The  phosphorescence 

of  marine  ani.nals  has  been  referred  to  other  canseB  than 
oxidation.  In  some  cases,  however,  it  is,  I  think,  explicable 
without  assuming  any  more  special  agency.  Considering  that 
in  creatures  of  the  genus  Noctiluca,  for  example,  to  which  the 
phosphorescence  moat  commonly  seen  on  our  own  coasts  is 
due,  there  ia  no  means  of  keeping  up  a  constant  circulation, 
we  may  infer  that  the  movements  of  aerated  fluids  through 
their  tissues,  must  be  greatly  affected  by  impulses  received 
from  without.  Hence  it  may  be  that  the  sparkles  visible  at 
night  when  the  waves  break  gently  on  the  beach,  or  when  an 
oar  is  dipped  into  the  water,  are  called  forth  from  these 
creatures  by  the  concussion,  not  because  of  any  unknown 
influence  it  excites,  but  because,  being  propagated  through 
their  delicate  tissues,  it  produces  a  sudden  movement  of  the 
fluids  and  a  sudden  increase  of  chemical  action.  Neverth^ 
leas,  in  other  phosphorescent  animals  inhabiting  the  sea,  as 
in  the  Pyrosoma  and  in  certain  Annelida,  light  seems  to  be 
really  produced,  not  by  direct  re-action  on  the  action  of 
oxygen,  but  by  some  indirect  re-action  involving  a  trans- 
formation of  force. 

5  20.  The  re-distributions  of  matter  in  general,  are  accom- 
panied by  electrical  disturbances;  and  there  is  abundant 
evidence  that  electricity  is  generated  during  those  re-distri- 
butions that  are  ever  taking  place  in  organisms.  Experi- 
ments have  shown  "  that  the  skin  and  most  of  the  internal 
membranes  are  in  opposite  electrical  states  ; "  and  also  that 
between  different  internal  organs,  as  the  liver  and  the  stomach, 
there  are  electrical  contrasts — such  contrasts  being  greatest 
where  the  processes  going  on  in  the  compared  parts  are  most 
onlike.  It  has  been  proved  by  M.  du  Bois-Reymond  that 
whau  any  point  in  tho  longitudinal  section  of  a  mundo  ia 
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connected  by  a  condactor  with  any  point  in  its  trann 
section,  an  electric  current  ia  eatablisbed ;  and  further,  that 
like  results  occur  when  nerves  are  aubstituted  for  niusclca. 
The  special  causns  of  these  phonomena  have  not  yet  been 
dctermiQed.  Connidering  thut  the  electric  contrasts  are  moat 
marked  where  active  secretions  are  going  on — considering, 
too,  that  while  they  do  not  exist  between  external  paria 
which  are  aiiniUtrly  related  to  the  vascular  currents,  they  do 
exist  betwoon  external  parts  which  are  dissimilarly  related 
to  the  vascular  currcuta — and  considering  also  tliat  they 
are  extremely  dil&cult  to  detect  where  there  are  no  appre- 
ciable moveraenta  of  fluids ;  it  may  he  thut  they  are  due 
Bimply  to  the  friction  of  betcrogciieaos  substances,  which  ia 
tinivflrsally  a  cauae  of  electric  diatuibaaco.  Butwhato\'cT  be 
the  interpretation,  the  fact  remains  the  Bame,  that  there  ia 
-hrougliout  the  living  organiam,  an  unceasing  {in>duction  of 
difforencea  between  the  electric  statea  of  diU'erent  parts ;  and 
consoquently  an  nnceosing  restoration  of  electric  equilibrium 
by  the  establishment  of  currents  among  thcao  parts. 

Besides  those  general,  and  not  conspicuous,  electrical  plie- 
nOTnons  which  appear  to  be  common  to  all  organisms,  vegetal 
M  well  as  animal,  there  uro  ocrtulti  special  and  strongly 
marked  onee.  I  refer,  of  course,  to  those  which  have  made 
the  Torpedo  and  the  Gyinnotu»  objecta  of  ao  much  interest. 
In  those  creatures  we  have  a  genesis  of  electricity  that  ia  not 
incidoulal  on  iho  porformanoo  of  their  difiemnt  functions  by 
tbe  different  organs ;  but  one  wHich  is  itaclf  a  function, 
having  an  organ  nppropriata  to  it.  llie  character  of  this 
organ  in  b<>th  thc«u  fishes,  and  its  largely- dcvi'loped  eon- 
ocxiona  with  the  nervous  centrva,  have  ruioed  the  siispieion, 
which  various  experiments  have  thus  far  justified,  that  in  it 
thoTv  take«  place  a  transformation  of  what  wo  call  ncrvo-fui-ee 
into  the  fon-u  known  oa  electricity :  this  conclusion  being 
more  especially  supported  by  the  fact,  that  aubslanocs,  such  as 
UUirpIiiA  and  strychuia,  which  are   known  to  bo  poworAil 
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aerToos  stimnlaiite,  greatly  increwe  the  violenoe  and  rapidity 
of  the  electric  discharges. 

Bat  whether  general  or  special,  and  in  whatever  manner 
produced,  these  evolutions  of  electricity  are  atnoilg  tbo 
re-actions  of  organic  matter,  called  forth  by  the  actions  to 
which  it  is  subject.  Though  these  re^ctioos  are  not  direct, 
but  seem  rather  to  be  remote  consequences  of  those  changes 
wrought  by  external  agencies  on  the  organism,  they  are  yet 
incidents  in  that  general  re-distribution  of  motion,  which 
these  external  agencies  initiate ;  and  as  such  must  here  be 
noticed. 

S  21.  To  these  known  modes  of  motion,  has  next  to  be 
added  an  unknown  one.  Heat,  Light,  and  Electricity  are 
emitted  by  inorganio  matter  when  undergoing  changes,  as 
well  as  by  organic  matter.  But  there  is  a  kind  of  force  mani- 
fested in  some  classes  of  living  bodies,  which  we  cannot 
identify  with  any  of  the  forces  manifested  by  bodies  that  are 
not  alive, — a  force  which  is  thus  unknown,  in  the  sense  that 
it  cannot  be  assimilated  with  any  otherwise- recognized  class. 
I  allude  to  what  is  called  nerve- force. 

This  is  habitually  generated  in  all  animals,  save  the  lowest, 
by  incident  forces  of  every  kind.  The  gentle  and  violent 
mechanical  contacts,  which  in  ourselves  produce  sensations 
of  touch  and  pressure — the  additions  and  abstractions  of  mole- 
cular vibration,  which  in  ourselvea  produce  sensations  of 
heat  and  cold;  produce  in  all  creatures  that  have  nervous 
systems,  certain  nervous  diatorbances  —  disturbances  which, 
as  in  ourselves,  are  either  communicated  to  the  chief  nervous 
centre,  and  there  constitute  consciousness,  or  else  result  in 
merely  physical  processes  that  are  set  going  elsewhere  in  the 
organism.  In  special  parts  distinguished  as  organs  of  sense, 
other  external  actions  bring  about  other  nervous  re-actions ; 
that  show  themselves  either  as  special  sensations,  or  as  ex- 
citemants  which,  without  the  intermediation  of  consciousness 
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beget  actions  in  tnuscles  or  other  orjtraTis.  Baritli 

neural  diachargcB  tlmt  follow  the  direct  incidence  of  pxtern 
forces,  there  uro  others  ever  being  caused  by  the  incidence  of 
forces  *hich,  though  ort(^iiiaI!y  external,  hnvo  become  internal 
by  absorption  into  the  organism  of  the  agenta  exerting  tl 
Fur  thus  may  bo  claasod  those  neural  diachargoa  that  fro 
moment  to  moment  result  from  modifications  of  the  L' 
wrought  by  substances  carried  to  them  in  tbo  blood.  That 
the  unceasing  change  of  matter  which  oxygen  and  other 
agents  produce  throughout  the  ej-stcm,  is  Bccompaniod  by  a 
genesis  of  ncrvo- force,  is  shown  by  yarious  fricta  ; — by  the  fi 
that  ncrve-f<)rco  is  no  longer  generated,  if  oxvgcn  be  will 
held,  or  the  hluud  prevented  from  circuhUing  ;  by  the  fact  thi 
when  the  chemical  transformation  ie  diminished,  as  duriid 
sleep  with  if«  slow  renpirution  and  circuhition,  there  is  ■ 
diminution  tn  the  quantity  of  nerve-force  ;  in  the  fact  that  ■ 
ve  expenditure  of  nerve-force,  involves  excessive  r 
and  circuhition,  and  excessive  waste  of  tissue, 
proofs  that  norvo-forco  is  evolved  in  greater  or  leas  quo 
tity,  according  an  tbo  conditions  to  rapid  molecnlur  change 
throughout  the  body,  ure  wi-II  or  ill  fulhtled  ;  may  be  added 
proofs  that  certain  special  mohwulur  actions,  aro  the  caused 
of  these  special  re-atlions.  The  effects  of  alcohol,  other, 
dilorofomi,  ond  the  vrg>.'Ui-ul)caIies,  put  beyond  doubt  iho 
infervnco,  that  the  ovc^rthrow  of  molecular  equilibriui 
chemical  affinity,  when  it  occurs  at  certain  places  in  the  I 
nsultx  in  tlie  overthrow  of  equilibrium  iu  the  nervc«  j 
ocoding  from  those  places — results,  that  is,  in  the  propagatil 
through  thcM  ncrvM,  of  the  change  culled  a  nervous 
cIuirgiL  Indeed,  looked  at  from  this  point  of  r 

the  tWD  dosBca  of  nervous  change-s — the  one  initiated  i 
without  and  the  other  from  witliin — are  ik-en  to  merge  into 
mui  class.  Both  of  them  may  bo  traced  to  motamorphosis  of 
tissue.  Tht,^  can  be  littlu  doubt  that  the  sensations  of 
touch  and  pressure,  are  consequent  on  accelerated  change*  of 
iu»t[«r,  produced  by  uccbauical  distuthaiico  of  the  mingled 
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diiids  and  solids  composing  the  parts  affected.     There  is 
abundant  evidence  that  the  sensation  of  taste,  is  due  to  the 
^liftn^irAl  actions  set   up  by  particles  which  find  their  way 
through  the  membrane  covering  the  nerves  of  taste ;  for,  as 
Prof.  Ghraham  points  out,  sapid  substances  all  belong  to  the 
class  of  crystalloids,  which   are   able  rapidly  to  permeate 
animal  tissue,  while  colloids,  which   cannot  pass  through 
animal  tissue,  are  all  insipid.     Similarly  with  the  sense  of 
smelL     Substances  which  excite  this  sense,  are  necessarily 
more  or  less  volatile ;  ani  their  volatility  being  the  result  of 
their  molecular  mobility,  implies  that  they  have  in  a  high 
degree,  the  power  of  getting  at  the  olfactory  nerves  by  pene- 
trating their  mucous  investment.     Again,  the  facts  which 
photography  has  familiarized  us  with,  make  it  clear  that 
those  nervous  impressions  called  colours,  are  primarily  due 
to  certain  change  wrought  by  light  in  the  substance  of  the 
retina.     And  though,  in  the  case  of  hearing,  we  cannot  so 
clearly  trace  the  connexion  of  cause  and  effect ;  yet  as  we  see 
that  the  auditory  apparatus  is  one  fitted  to  intensify  those 
vibrations  constituting  sound,  and  to  convey  them  to  a  recep- 
tacle containing  fluid  in  which  nerves  are  immersed ;  it  can 
scarcely  be  doubted  that  the  sensation  of  sound  proximately 
results  from  atomic  re-arrangements  caused  in  these  nerves 
by  the  vibrations  of  the  fluid  :  knowing,  as  we  do,  that  the 
re-arrangement  of  atoms  is  in  all  cases  aided  by  agita- 
tion. Perhaps,  however,  the  best  proof  that  nerve* 
force,  whether  peripheral  or  central  in  its  origii\f  results  from 
chemical  transformation,  lies  in  the  fact  that  most  of  the 
chemical  agents  which  powerfully  affect  the  nervous  system, 
affect  it  whether  applied  at  the  centre  or  the  periphery.   Vari- 
ous acids,  mineral  and  vegetal,  are  tonics — ^the  stronger  ones 
being  usually  the  stronger  tonics ;  and  this  which  we  call 
their  acidity,  implies  a  power  in  them  of  acting  on  the  nerves 
of  taste,  while  the  tingling  or  pain  that  follows  their  absorp- 
tion through  the  skin,  implies  that  the  nerves  of  touch  are 
■cted  on  by  them.     Similarly  with  certain  vegeto-alkalies 
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which  are  peculiarly  bitter.  These  by  their  bitterness,  shoj 
that  they  atfect  the  extremities  of  the  neryoa ;  wliila  by  tho! 
tonic  properties,  they  show  that  they  affect  the  iiervoiis 
centres — the  most  intensely  bitter  among  them,  strychnia, 
being  the  moat  powerful  nervous  stimulant,  HowoTer  tnH« 
it  may  be  that  this  relation  is  not  a  rcgulur  ono,  since  opiniH 
hashish,  and  some  other  drugs,  which  work  marked  L-flbcts  o 
the  brain,  ore  not  remarkably  sapid— however  true  it  may  be 
that  there  are  n^utious  between  particular  substances  and 
particular  parts  of  tho  nervous  system ;  yet  snoh  instance* 
do  but  qualify,  without  negativing,  the  general  propositioo, 
Tho  truth  of  this  propoaitioa  can  scarcelv  be  doubted  when, 
io  the  evidence  above  given,  is  added  tho  fact  that  vorious 
Gundimenla  and  aromatic  drugs  are  given  as  nervous  stimu- 
lants ;  and  the  fact  that  anscsthetica.  besides  the  general  effects 
they  produce  when  inhaled  or  swallowed,  produce  local  effects 
•)f  like  kind  when  absorbed  through  the  skin  ;  and  the  fact 
that  ammonia,  which  in  consequence  of  ils  extreme  molecular 
mobility,  bo  quickly  and  so  violently  excites  the  nerves  be* 
DCttth  tho  skin,  us  well  as  those  of  tho  tongue  and  tho  now^ 
U  a  rapidly-acting  stimulant  when  taken  internally. 

'\Vhothcr  we  shall  over  know  uuything  moni  of  tliia  nervo> 
force,  tlinn  that  it  ia  some  ajieciea  of  molecular  dialurbanco 
that  in  pm|>iigatid  from  end  to  end  of  a  nerve,  it  is  inipos«i- 
bis  to  say.  Whether  a  nerve  is  merely  a  conductor,  which 
delivers  at  one  of  its  eitrcmities  an  impulse  received  at  tha 
other ;  or  whether,  as  some  now  think,  it  is  itself  a  generator 
of  furoe  which  is  i»itial«d  ut  ono  cxlr«mity  and  accumulates 
■  oourw!  to  tho  other  extremity ;  are  also  questions  whicti 
(  yet  be  answered.  All  wo  know  is,  that  forces  caiwbla 
''■f  working  molecular  changes  in  nerves,  arc  capable 
ealling  forth  from  them  manifeatatinus  of  activity— 
chargot  of  some  forc«,  which,  though  probably  allied  to  e 
tricity,  is  not  idt-ntical  with  it.  And  our  pvidcnco  that  nen 
force  is  thus  urigiuut«d,  consists  not  only  of  such  fat'ta  as  tha 
abovo,  hut  also  of  mora  conclusive  facts  established  by  direct 
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BXporitnenta  on  nervea — experiments  which  show  that  nerve- 
force  is  generated  whea  the  cut  end  of  a  nerve  ia  either  me- 
chanically irritutod,  or  acted  on  hy  some  chemical  agent,  op 
subject  to  the  galvanic  current  —  experiments  which  thua 
prove  tliat  nerve-force  is  liberated  by  whatever  disturbs  th« 
molecular  e(]uitibrium  of  nervc-aubstance.  And  thia  is  all 
which  it  is  necessary  for  us  here  to  understand. 

S  22.  The  most  important  of  these  ro-actions  called  forth 
from  organisms  by  surrounding  actious,  remains  to  be  noticed. 
To  the  above  various  forms  of  insensible  motion  thus  caused, 
we  have  to  add  sensible  motion.  On  the  production  of  this 
mode  of  forco,  more  especially  depends  the  possibility  of  all 
vitid  phenomena.  It  is,  indeed,  usual  to  regard  the  power  of 
generating  sensible  motion,  as  confined  to  one  out  of  the  two 
organic  sub-kingdoms ;  or,  at  any  rate,  as  possessed  by  but 
few  members  of  the  other.  On  looking  closer  into  the  matter, 
however,  we  see  tliat  plant-life  as  well  as  animat-life,  is  uni- 
versally accompanied  by  certain  manifestations  of  this  powe^i 
and  (hat  plant-life  could  not  otherwise  continue. 

I'brough  the  humblest,  aa  well  as  through  the  highest, 
getal  organiums,  there  aro  ever  going  on  certain  re-distril 
tions  of  matter.  In  protophytes  the  microscope  shows  us 
internal  transposition  of  parts,  which  when  not  active 
to  bo  immediately  visible,  is  proved  to  cjcist  by  the  chai 
of  arrangement  that  become  manifest  in  the  course  of  hoi 
and  days.  In  the  individual  cells  of  many  higher  plants, 
active  movement  among  the  contained  granules  may  be  wit? 
neseed.  And  well-developed  cryptogams  in  common  with  all 
phanerogams,  exhibit  this  genesis  of  mechanical  motion  still 
mare  conapieuoualy  in  the  circulation  of  sap.  It  might,  in- 
deed, bo  conduded  a  priori,  that  through  plants  displaying 
much  differentiation  of  parts,  an  internal  movement  must  bo 
going  on  ;  ainoe,  without  it,  the  mutual  dependence  of  organs 
baviug  unlike  fuiicLiona  wnuhl  seem  Impossible.  Bo- 

mdes  these  motions  of  fluids  kept  up  internally,  plants,  espo* 
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cully  of  tlio  lower  orders,  are  able  to  i 


I  the! 


parts  in  rolatio 


I  each  otber,  and  also  to  move  about  rrank 


I 


place  to  place.  IllustratioDa  in  ubiindunce  will  occur  to  all 
BtndeDta  of  rec«nt  Nutuml  Iliatory — such  illustrations  as  tho 
octivB  locomotion  of  the  Koospores  of  many  Alga),  the  rhy 
mical  bondings  of  the  OscillitlontB,  the  rambling  progrcastol 
of  tho  Viatontacea.  In  fact  many  of  tlicsu  smallest  vegcta 
and  many  of  the  larger  onca  in  their  curly  stages,  display  a 
miM;hunicaI  activity  not  distinguishable  from  that  of  tho 
Kmplest  aoiniala.  Among  well-orgiiaizcd  pluula,  which  are 
never  locomotive  in  their  adult  stutos,  we  still  not  unfro- 
quently  moot  with  relative  motions  of  i>art9.  To  such  fami- 
liar cases  as  those  of  tho  Sensitive  plant  and  the  Venus* 
fly-trap,  many  others  may  be  addoil.  ^Vllcn  its  hose  is 
irritated,  the  stamen  of  the  Berberry  flower  leans  over  and 
touches  the  pistil.  If  the  stamms  of  the  common  wild  Ctttui 
bo  gently  brushed  with  the  finger,  they  spread  themselves — 
bonding  away  from  tho  seod-vessol.  And  aomo  of  tho  orchid- 
fluwcrs,  as  KEr  Uarwin  has  nicently  shown,  shoot  nut  maasca 
of  pollen  on  to  tho  en1«riug  boe,  when  its  trunk  ia  thru 
down  in  scari'h  of  honny. 

Tliougli  the  power  of  moving  is  not,  as  wo  soe,  a  characta 
Utio  of  nnimala  alone,  yet  in  thtrm,  considered  as  a  doss,  it  it 
manifested  to  an  extent  so  marked,  as  practically  to  bocoms 
one  of  their  distinctive  characters— indeed,  we  may  suy,  tlioir 
most  distinctive  character.     For  it  is  by  tbeir  immmsi'ly 
greater  ability  to  generate  mechanical  motion,  that  animals 
arc  enabled  to  perform  thtMO  actions  wliieh  constitute  their  _ 
Tisiblo  livos;  and  it  is  by  their  immensely  greater  ability  b 
gonitratt)  mechanical  motion,  that  the  higher  orders  of  ai 
■ra  most  obviously   distiuguiohed   from   the   lower  ordn 
Though,  on  remcmhoring  tho  seemingly  active  movements  fli 
infusoria,  some  will  perhaps  question  this  last-namod  < 
trast;  yet,  ou  comparing  tho  quantities  of  mnttcr  propc 
through  given  Bpnciii  iu  given  timm,  they  will  swt  that   : 
momentum  ovolved  is  far  luaa  in  the  protozoa  than  in  t 
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leloozoo.  These  sensible  motioDs  of  animals  are  eSected 

I^  various  organs  under  various  stimuli.  In  the  humblest 
forms,  and  even  in  some  of  the  more  developed  ones  which 
inhabit  the  water,  locomotion  results  from  the  vibrations  of 
cilia ;  the  contractility  residea  in  these  waving  hairs  that 
grow  fi-om  the  surface^  Some  of  the  Acalep/us,  and  their 
allies  the  Polypes,  move  when  mechanically  irritated  :  the 
long  pendant  tentacle  of  a  Physalia  is  suddeiily  drawn  up  if 
touched ;  and,  as  well  as  its  tentacles,  the  whole  body  of 
a  Hydra  collapses  if  roughly  handled,  or  jarred  by  some 
shock  in  its  neighbourhood.  In  all  the  higher  animals  how- 
ever, and  to  a  smaller  degree  in  many  of  the  lower,  sensible 
motion  is  generated  by  a  special  tissue,  under  the  special  ex.- 
citement  of  a  neural  discharge.  Though  it  is  not  strictly  trua 
that  such  animals  show  no  sensible  motions  otherwise  caused ; 
since  all  of  them  have  certain  ciliated  membranes,  and  since 
the  circulation  of  fluid  in  them  is  partially  due  te  osmotic  and 
capillary  actions ;  yet,  generally  speaking,  we  may  say  that 
their  movements  are  effected  only  by  mosclcs  that  contract 
only  through  the  agency  of  nerves. 

What  special  transformations  of  force  generate  these  various 
mechanical  changes,  we  do  not,  in  most  coses,  know.  Those 
re-distributions  of  fluid,  with  the  alterations  of  form  sometimes 
caused  by  them,  that  result  from  osmose,  are  not,  indeed, 
quite  incomprehensible.  Certain  motions  of  plants  which, 
like  those  of  the  "  animated  oat,"  follow  contact  with  water, 
are  easily  interpreted ;  as  are  also  such  other  vegetal  motions 
as  those  of  the  Touch-me-not,  the  Squirting  Cucumber,  and  the 
Carpobolua.  But  we  have  as  yet  no  clue  to  the  mode  in  which 
molecular  movement  is  transformed  into  the  movement  of 
masses,  in  animals.  We  cannot  refer  to  known  causes  the 
rhythmical  action  of  a  Medusa's  disc,  or  that  slow  decrease  of 
bulk  that  spreads  throughout  the  ma^s  of  an  Alcyoniiim,  when 
one  of  its  component  individuals  has  been  irritated.  K'or 
are  we  any  better  able  to  say  how  the  insensible  motian 
truumittcd  through  a  nerve,  cives  rise  to  sensible  motion  is 
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a  muaclc.  It  is  true  tbat  Science  boa  given  to  Art,  po' 
methoda  of  changing  inscnsiblo  into  BonsiMo  moliun.  ByB[K 
plying  heat  to  water  wo  vaporize  it ;  and  the  movement  of  ita 
exp/mtiinjj  %-apour,  we  transfer  to  solid  matter ;  but  it  is  clear 
that  the  genesis  of  muscular  movement  is  in  no  way  analogous 
to  this.  The  force  evolved  during  chemical  transformations 
in  a  galvanic  buttery,  we  communicate  to  a  soft  iron  magnet 
through  a  wire  coiled  round  it ;  and  it  would  be  quite  possi- 
ble, by  placing  near  to  each  other  sevcnil  magnets  tliua 
excilDil,  to  obtain,  through  the  attraction  of  each  for  it« 
neighbours,  an  accumulated  movement  made  up  of  their 
eeparato  movements,  and  thus  to  mechanically  imitate  a  mus- 
cular contraction ;  but  from  what  wo  know  of  organic  mat- 
tor,  and  the  structure  of  muscle,  there  is  no  reason  to  suppose 
that  anything  analogou.i  to  this  takes  place  in  it.  Wo 

can,  however,  through  one  kind  of  molecular  change,  produce 
sensible  changes  of  aggregation  such  as  possibly  might,  when 
occurring  in  organic  substance,  cause  sensible  motion  in 
it;  I  refer  to  allotropic  change.  Sulphur,  for  example,  as- 
sumos  ditferent  crystalline  and  n  on -cry  stall  inu  forma  at  dif- 
lert*nt  temperatures ;  and  may  be  made  to  pass  backwards 
and  forwards  from  one  fonn  to  another,  by  slight  variations 
of  temperature :  undergoing  each  time  an  alteration  of  bulk. 
\Vc  know  that  this  allotropi^m,  or  rather  its  analogue  iso- 
mori«m,  prevails  among  colloids  —  inorganic  and  organic. 
AVe  also  know  that  some  of  the»c  mctamorphosos  among  col- 
loids, are  accompnniwl  by  viaiblu  re-arrangemont« :  instance 
bydratcd  silicic  acid,  which,  after  passing  from  its  soluble 
stal«  to  the  state  of  an  insoluble  jt^Uy,  U-gins,  in  •  few  days, 
to  ooulnct,  and  to  give  out  part  of  its  contained  water.  Now, 
eontidering  that  such  isomeric  changes  of  organic  as  well 
ioorganio  colloid*,  are  often  very  rapidly  produced  by  ' 
alight  CKOWS,  it  seems  nyt  inipnwiblo  that  somo  of  the  ooU 
oonstitnting  tauscle,  may  bo  thus  changed  by  a  nervous 
chorgo— raaaming  their  previous  condition  when  the 
ebius«  ooasea.     Aud  it   is  conceivable   that  by  slructi 
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arrangements,  minute  sensible  motions  so  caused,  may  be  so* 
oomolated  into  large  sensible  motions.  Tbere  is,  bowever, 
no  evidence  to  support  this  supposition. 

g  23.  But  the  truths  which  it  is  here  our  business  espe> 
dally  to  note,  are  quite  independent  of  hypotheses  or  inter- 
pretations. It  is  sufficient  for  the  ends  we  have  in  view,  to 
observe  that  organic  matter  ^oe*  exhibit  these  sev^al  conspi- 
ooous  re-actions,  when  acted  on  by  incident  forces :  it  is  not 
i-equisite  that  we  should  know  how  these  re-actions  originate. 

In  the  last  chapter  were  set  forth  the  several  modes  in 
which  incident  forces  canse  re -distributions  of  organic  mat- 
ter ;  and  in  this  chapter  have  been  set  forth  the  several  modes 
in  which  is  manifested  Uie  motion  accompanying  this  re-dis- 
tribution.  There  we  contemplated  under  ite  several  aspects, 
the  general  fact,  that  in  consequence  of  its  extreme  instability, 
organic  matter  nndergoes  extensive  molecular  re-arrange- 
mente,  on  very  slight  changes  of  conditions.  And  here  we 
have  contemplated  under  it«  several  aspttct^,  the  correlative 
general  fact,  that  during  these  extensive  molecular  rc-arrange- 
menta,  there  are  necessarily  evolved  large  amounts  of  force. 
In  the  one  case  the  atoms  of  which  organic  matter  consists, 
are  regarded  as  changing  from  positions  of  unstable  equili- 
brium to  positions  of  stable  equilibrium ;  and  in  the  other 
case  they  are  regarded,  as  giving  out  in  their  falls  from 
unstable  to  stable  equilibrium,  certain  momenta — momenta 
that  may  be  manifested  as  heat,  light,  electricity,  nerve- 
force  or  mechanical  motion,  according  as  the  conditions 
determine. 

I  will  add  only  that  these  evolutions  of  force  are  rigor- 
ously dependent  on  these  changes  of  matter.  It  'is  a  corol- 
lary from  that  primordial  truth  which,  as  we  have  seen, 
underlies  all  other  truths,  (First  Principles,  §§  76,  141.) 
that  whatever  amount  of  power  an  organism  expends  in 
any  shape,  is  the  correlate  and  equivalent  of  a  power  that 
was  taken  into  it  from  without.      On  the  one  hand,  it 
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follows  from  the  persistence  of  force,  that  each  portion  of 
mechanical  or  other  energy  which  an  organism  exerts,  im- 
plies the  transformation  of  as  much  organic  matter  as  con- 
tained this  energy  in  a  latent  state.  And  on  the  other  hand, 
it  follows  from  the  persistence  of  force  that  no  such  trans- 
formation of  organic  matter  containing  this  latent  energy 
oan  take  place,  without  the  energy  being  in  one  shape  or 
other  manifested. 


CHAPTER  IV.* 

PBOXIMATE  DEFINITION  OP  LIFE. 

S  24.  To  those  who  accept  the  general  doctrine  uf  E'volu^ 
lion,  it  needs  scarcely  be  pointed  out  that  classifications  are 
subjective  conceptions,  which  have  no  absolute  demarcations 
in  Nature  corresponding  to  them.  They  are  appliances  by 
which  we  limit  and  arrange  the  matters  imder  investigation ; 
and  so  facilitate  our  thinking.  Consequently,  when  we  at- 
tempt to  define  anything  complex,  or  make  a  generalization 
of  facts  other  than  the  most  simple,  we  can  scarcely  ever 
avoid  including  more  than  we  intended,  or  leaving  out  some- 
thing that  should  be  taken  in.  Thus  it  happens  that  on 
seeking  a  definition  of  Life,  we  have  great  difficulty  in  find- 
ing one  that  is  neither  more  nor  less  than  sufficient.  Let 
us  look  at  a  few  of  the  most  tenable  definitions  that  have 
been  given.  While  recognizing  the  respects  in  which  they 
are  defective,  we  shall  see  what  requirements  a  more  com- 
plete one  must  fulfil. 

*  Tliis  chapter  and  the  foUoTiing  two  chapters  originally  appeared  in  Part 
III.  odhs  Jhrineipict  of  Ttyehology  :  forming  a  preliminary  which,  though  indis- 
pensable to  the  argument  there  deyeloped,  was  somewhat  parenthetical.  Haying 
now  to  deal  with  the  general  science  of  Biology  before  the  more  special  one  of 
pRTcliology,  it  becomes  possible  to  transfer  these  chapters  to  their  proper  place. 
The}  have  been  cerefullj  reriaed. 
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Schcllmg  said  that  Life  ia  the  tendency  to  indi vidua ttoili 
Tlii«  funnulu,  until  studied,  conveys  littlo  moaQing.  But  it 
tuxda  ouly  to  consider  it  oa  illustrated  by  tlio  facts  of  develop- 
ment, or  by  the  contrasts  between  lower  and  higher  forms  of 
life,  to  recognize  its  value ;  especially  in  reepect  of  compre* 
hcnsivcness.  As  before  shown,  however,  {First  Principles, 
i  5G),  it  is  objectionable,  partly  on  the  ground  that  it  refers, 
rot  so  much  to  the  functional  changes  constituting  Life,  as  to 
the  structural  changes  of  those  aggregations  of  matter  which 
manifest  Life;  and  partly  on  the  ground  that  it  includes 
tmdcr  the  idea  Life,  much  that  we  usually  exclude  from  itL_ 
for  instance — eryslallization,  ^ 

The  definition  of  ICichorand,  —  "  Life  is  s  ooUoction  ta^ 
plienoraena  which  succeed  each  other  during  a  limited  timo 
in  an  organizixl  body," — is  liable  to  the  futal  criticism,  that 
it  equally  applies  to  the  decay  wliicU  goes  on  after  death. 
For  this,  too,  is  "  a  collection  of  phenomena  which  Buc<X!cd 
each  other  during  a  limited  time  in  an  organized  body." 

"  Life,"  according  to  Do  BlaiiiviUe,  "  is  the  two-fold 
internal  movement  of  composition  and  docomposiiion,  at  onco 
general  and  continuous."  This  conception  is  in  some  re- 
spccta  too  narrow,  and  in  other  respects  too  wide.  On  tha 
one  hand,  while  it  expresses  what  physiologists  distlnguUh  as 
vegetative  life,  it  excludes  thoso  nervous  and  muscular 
functions  which  form  the  most  conspicuous  and  distincti^'e 
dosses  of  vital  phenomena.  On  the  other  hand,  it  dwcriboa 
not  only  the  integrating  and  diHinlegrating  procwwes  going  on 
in  a  living  body,  but  it  equally  wdl  dwwribt-B  those  going  on 
in  a  galvanic  battery;  which  uUo  exhibits  a  "two-fold  in- 
ternal movement  of  coTn[ioailion  and  doconi^Kwiliou,  at  ones 
gmrrral  and  continuous." 

KUcwhero,  I  have  mysolf  proposed  to  define  Life  as  "  tha 
oo-o»dination  of  actions ;  "•  and  I  still  incline  towards  this  de- 
linitioD  oa  one  answering  to  the  facts  with  tolerable  precision, 
lix  April,  1841— Art.  IV.  "A  Thwnj. of  Poi* 
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It  includes  all  organic  changes,  alike  of  the  viscera,  the 
limbs,  and  the  brain.  It  excludes  the  great  mass  of  inor- 
ganic changes  ;  which  display  little  or  no  co-ordination.  By 
making  co-ordination  the  specific  characteristic  of  vitality, 
it  involves  the  truths,  that  an  arrest  of  co-ordination  is 
death,  and  that  imperfect  co-ordination  is  disease.  More- 
over, it  harmonizes  with  our  ordinary  ideas  of  life  in  its  dif- 
ferent gradations  :  seeing  that  the  organisms  which  we  rank 
as  low  in  their  degree  of  life,  are  those  which  display  but 
little  co-ordination  of  actions ;  and  seeing  that  from  these  up 
to  man,  the  recognized  increase  in  degree  of  life  corresponds 
with  an  increase  in  the  extent  and  complexity  of  co-ordina- 
tion. But,  like  the  others,  this  definition  includes  too  much ; 
for  it  may  be  said  of  the  Solar  System,  with  its  regularly- 
recurring  movements  and  its  self-balancing  perturbations, 
that  it,  also,  exhibits  co-ordination  of  actions.  And  how- 
ever plausibly  it  may  be  argued  that,  in  the  abstract,  the 
motions  of  the  planets  and  satellites  are  as  properly  compre- 
hended in  the  idea  of  life,  as  the  changes  going  on  in  a 
motionless,  unsensitive  seed ;  yet,  it  must  be  admitted  that 
they  are  foreign  to  that  idea  as  commouly  received,  and 
as  here  to  be  formulated. 

It  remains  to  add  the  definition  since  suggested  by  Mr 
G.  H.  Lewes — "Life  is  a  series  of  definite  and  successive 
changes,  both  of  structure  and  composition,  which  take  place 
within  an  individual  without  destroying  its  identity."  The 
last  fact  which  this  statement  has  the  merit  of  bringing  into 
view — ^the  persistence  of  a  living  organism  as  a  whole,  in 
spite  of  the  continuous  removal  and  replacement  of  its  parts 
— is  important.  But  otherwise  it  may  be  argued,  that  since 
changes  of  structure  and  composition,  though  probably  the 
causes  of  muscular  and  nervous  actions,  are  not  the  muscular 
and  nervous  actions  themselves,  the  definition  excludes  the 
more  visible  movements  with  which  our  idea  of  life  is  most 
associated ;  and  further,  that  in  describing  vital  changes  as 
a  series,  it  scarcely  includes  the  fact  that  manv  of  them,  as 
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Mntntion,  Circulation,  It«spiration,  and  Secretion,  in  Uicir 
many  Bubdivisiona,  go  on  simultaneously. 

Thus,  bowevf.r  well  each  of  these  definitions  expteescs 
the  phenomena  of  life  under  some  of  its  aspects,  no  one  of 
tht-m  ia  more  than  approximat4.-ly  true.  It  may  turn  out,  that 
to  find  a  formula  which  will  bear  every  t«at  ia  impoaatbU. 
Meanwhile,  it  ia  possible  to  frame  a  more  adequate  formula 
than  any  of  the  foregoing.  As  we  shall  presently  find, 
theaa  all  omit  an  cssviitial  peculiarity  of  vital  cbaogn  ia 
general — a  peculiarity  which,  perhaps  more  than  any  other, 
dtatingULshes  them  from  non-vilul  changes.  Before  specify- 
ing tliia  poouliarity,  however,  it  will  be  well  to  trace  our  way, 
ttep  by  step,  to  aa  complete  an  idea  of  Life  aa  may  be  n-ochcd 
from  our  present  stand-point ;  by  doing  which,  we  shall  both 
>ec  the  neccuity  for  each  limitation  us  it  is  mnde,  and  ulti- 
mately bo  led  to  feol  the  need  for  a  further  limitation 

And  hi^o,  as  tho  best  mode  of  determining  what  arc  thom 
goneral  characttrriatica  which  distinguish  vitality  from  non- 
vitality,  we  shall  do  well  to  compare  tho  two  most  unliko 
kinds  of  vitality,  and  aee  in  what  they  agree.  Uauileally, 
that  which  is  ca-w.^ntiol  to  Life  must  be  that  which  is  common 
to  Lif«  of  all  order*.  And  manifistly,  that  which  is  common 
to  all  T'lnns  of  Life,  will  moat  readily  bo  seen  on  contrasting 
those  fonna  of  Lifo  which  have  the  least  in  common,  or  ore 
the  most  unlilui.* 

I  2&.  Cboosing  uamilatioa,  then,  for  oar  example  of 
bodily  life,  and  rcoMning  for  our  oxamplo  of  Umt  lifo 
known  aa  intelligence ;  it  ia  finit  to  be  obM>rved,  that  they 
are  both  processes  of  change.  AVithout  change,  food  cannot 
bo  taken  into  Uio  blood  nor  tninAformcd  into  tissue :  without 

■  TU*  pan^iph  rrpliMi  s  KnlrsM  ihat,  ia  n<  Frine^it  t/ Ftytkrltfy, 
irttwi  to  »  prawJIm  diaptw  on  "  Mtthwl  i "  in  nMch  Um  niiiiJ*  of  prvccJur* 
bti«  tndlMl*^  «U  Kt  foflh  ■■  ■  mods  M  W  lyili-matirallf  piunwd  in  tlia  cboiM 
of  hfpnthtM*.  Should  f^portuniij  cttt  |iuTmit,  thii  ch*iitcr  on  Mctlioil  will  h» 
nDbolial  nlons  «itfa  «(hcT  maUiir  oa  tlw  bb>  topic,  ia  ■  Gcnsnl  iBlroducfiqa 
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ohangey  there  can  be  no  getting  from  premisses  to  conclusion. 
And  it  is  this  conspicuous  manifestation  of  changOi  which 
forms  the  substratum  of  our  idea  of  Life  in  general.  Doubt* 
less  we  see  innumerable  changes  to  which  no  notion  of  vital- 
ity attaches  :  inorganic  bodies  are  ever  undergoing  changes 
of  temperature,  changes  of  colour,  changes  of  aggregation. 
But  it  will  be  admitted  that  the  great  majority  of  the  phe- 
nomena displayed  by  inorganic  bodies,  are  statical  and  not 
dynamical;  that  the  modifications  of  inorganic  bodies  are 
mostly  slow  and  unobtrusive ;  that  on  the  one  hand,  when 
we  see  sudden  movements  in  inorganic  bodies,  we  are  apt  to 
assume  living  agency,  and  on  the  other  hand,  when  we  see 
no  movements  in  organic  bodies,  we  are  apt  to  assume  death. 
From  all  which  considerations  it  is  manifest,  that  be  the 
requisite  qualifications  what  they  may,  a  definition  of  life 
must  be  a  definition  of  some  kind  of  change  or  changes. 

On  further  comparing  assimilation  and  reasoning,  with  a 
view  of  seeing  in  what  respect  the  change  displayed  in  both 
difiers  from  non- vital  change,  we  find  that  it  differs  in  being 
not  simple  change,  but  change  made  up  of  successive  changes. 
The  transformation  of  food  into  tissue,  involves  mastication, 
deglutition,  chjrmification,  chylification,  absorption,  and  those 
various  actions  gone  through  after  the  lacteal  ducts  have 
poured  their  contents  into  the  blood.  Carrying  on  an  argu- 
ment necessitates  a  long  chain  of  states  of  consciousness; 
each  implying  a  change  of  the  preceding  state.  Inorganic 
changes,  however,  do  not  in  any  considerable  degree  exhibit 
this  peculiarity.  It  is  true  that  from  meteorologic  causes, 
inanimate  objects  are  daily,  sometimes  hourly,  undergoing 
modifications  of  temperature,  of  bulk,  of  hygrometric  and 
electric  condition.  Not  only,  however,  do  these  modifications 
lack  that  conspicuousness  and  that  rapidity  of  succession 
which  vital  ones  possess,  but  vital  ones  form  an  additional 
series.  Living  as  well  as  not-living  bodies  are  affected 
by  atmospheric  influences ;  and  beyond  the  changes  which 
tiiese  produce,  living  bodies  exhibit  other  changes,  more  uu- 
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merous  and  more  marked.  So  that  though  organic  change 
is  not  rigorously  distingiiUhed  from  inorganic  change  by 
prceenting  successive  phases — though  Borao  inanimate  objects, 
as  watches,  display  phases  of  change  both  quick  and  nu- 
merous— though  all  objects  arc  ever  undergoing  change  of 
«amo  kind,  visible  or  in\'tsible — though  there  is  scarcely  any 
object  which  does  not,  in  the  lapse  of  time,  undergo  a  con- 
biderublo  amount  of  change  that  is  fairly  divisible  into  phases; 
yet,  vital  change  so  greatly  exceeds  other  change  in  iU  di»* 
play  of  varying  phases,  that  we  may  consider  this  os  prac- 
tically one  of  its  characteristics.  Life,  then,  as  thus  roughly 
ditferentiatcd,  may  be  regarded  as  change  presenliug  sucees- 
aive  phases ;  or  otherwise,  as  a  scries  of  changes.  And  it 
should  bo  observed,  as  a  fact  in  harmony  with  this  conettp*' 
tion,  that  the  higher  the  life  the  more  conspicuous  the  varia- 
tions. On  comjMtring  inferior  with  superior  organisms,  thuAO 
last  will  be  seen  to  display  more  rapid  changes,  or  a  moro 
lengthened  scries  of  them,  or  both. 

Contemplating  afresh  our  two  typical  phenomena,  we 
0  that  vital  change  is  further  distinguished  from  non- 
i  change,  by  V'ing  niude  up  of  many  simullancom  changes. 
Illation  is  not  simply  a  series  of  actions,  but  includes 
many  actions  going  on  together.  During  mastication  the 
stomach  is  busy  with  the  food  already  swallowed  ;  on  which 
it  is  botli  pouring  out  solvent  fluids  and  expending  mnacular 
efibrts.  While  the  stomach  is  still  active,  the  intestines  are 
performing  their  secretive,  contractile,  and  absorbent  funo- 
tioas:  and  at  the  same  timv  that  one  meal  is  being  dif^sted, 
the  nutriment  obtained  from  a  previous  meal  is  undergoing 
that  transformation  into  tissue  which  constitutes  the  final  act 
of  a»imilution.  So  also  is  it,  in  a  certain  scuso,  with  mental 
changes.  Though  the  stairs  of  couseiousneas  which  make  up 
an  argument  occur  in  series,  yet,  as  each  of  these  states  i« 
C!om[il{<x — implie*  the  simultaneous  exeitirmcnt  of  those  many 
faculties  by  which  the  perception  of  any  object  or  nJatica 
1)M  been  effected;  it  is  obvious  that  each  such  change  ia 
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•onncionsnesa  implies  many  component  changea  In 

this  respect  too,  however,  it  must  be  edmitted  tbst  the 
distinction  between  animate  and  inanimate  is  not  precise. 
No  mass  of  dead  matter  can  have  ita  temperature  altered, 
without  at  the  same  time  undergoing  an  alteration  in  bulk, 
and  sometimes  aLso  in  hygrometrio  state.  An  ino^anio 
body  cannot  be  oxidized,  without  being  at  the  same  tim« 
changed  in  weight,  colour,  atomic  arrangement,  temperature, 
and  electric  condition.  And  in  some  vast  and  mobile  aggre- 
gates like  the  sea,  the  simultaneous  as  well  as  the  successive 
changes  displayed,  outnumber  those  going  on  in  au  animaL 
Nevertheless,  speaking  generally,  a  living  thing  is  distto^ 
guished  from  a  dead  thing,  by  the  multiplicity  of  the  changes  ■ 
at  any  moment  taking  place  in  it.  Add  to  whichj  Jhat^/ 
^his  peculiarity,  as  by  the  previouH  one,  not^qnly  is  t^le.vj.tel,' 
mo^i^'oi^^eM_cleM■ly  marked  off  from  the  nqn- vital;  but', 
creatures  possessing  high  vitality  are  maxked.  off  iiom  thoiaJ 
possessing  low  vitality-  -  It  needs  hut  to  contrast  the  many 
organs  co-operating  in  a  mammal,  with  the  few  in  a  polype, 
to  see  that  the  actions  which  are  progressing  together  in  the 
body  of  the  first,  as  much  exceed  ia  number  the  actions  pro- 
gressing together  in  the  body  of  the  laat,  as  these  do  those 
in  a  stone.  As  at  present  analyzed,  then.  Life  consists  of 
simultaneous  and  successive  changes. 

-  Continuing  the  comparison,  we  next  find  that  vital  changes, 
both  visceral  and  cerebral,  differ  from  other  changes  in  their 
heterogeneiiy.  Neither  the  simultaneous  acts  nor  the  serial 
acts,  which  together  constitute  the  process  of  digestion,  are 
at  all  alike.  The  states  of  consciousness  comprised  in  any 
ratiocination  are  not  repetitions  of  each  other,  either  in  com- 
position or  in  modes  of  dependence.  Inorganic  processes,  on 
die  other  hand,  even  when  like  organic  ones  in  the  number 
of  the  simultaneous  and  successive  changes  they  involve,  are 
nnlike  them  in  the  homogeneity  of  these  changes.  In  the 
case  of  the  sea,  just  referred  to,  it  is  observable  that  count- 
kaa  aa  are  the  actions  at  any  moment  going  on,  they  ore 
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mfjstly  mechanical  actions  that  are  to  a  great  degree  aimil) 
and  in  this  respect  widely  differ  from  the  actions  at  any  mo- 
ment taking  place  ia  an  orgaaidm :  which  not  only  belong  to 
the  so'eml  classes,  mechanical,  chemical,  thermal,  electric,  but 
present  under  each  nf  these  cl.-isscs,  innumerable  unlike  actions. 
Even  vhoro  life  is  nearly  sirnuUteil,  us  by  the  working  of  a 
steam-engine,  we  may  see  that  considerable  as  is  the  number 
«t  simultaneous  chmi<^,  and  rapid  as  are  the  BuccessiTo  ones, 
the  regularity  with  wliich  tliey  soon  recur  in  the  same  ortler 
and  degree,  renders  them  unlike  those  varied  cliangoa  exhi- 
bited by  a  living  crealnre.  Still,  it  will  be  found  that 
this  peculiarity,  like  the  foregoing  ones,  does  not  divide  the 
two  classes  of  changes  with  precision ;  inasmuch  aa  there  are 
inanimate  things  which  exhibit  considerable  heterogeneity  of 
change:  for  instance,  a  cloud.  The  variations  of  state  which 
this  undergoes,  both  simultoneona  and  successive,  are  many 
and  quick  ;  and  they  differ  widely  from  each  other  both  in 
quality  and  iiuantity.  At  the  same  iiiaient  there  may  occur 
in  a  cluud,  change  of  pjnition,  change  of  farm,  clumgo  of 
•izc,  change  of  density,  change  of  colour,  change  of  tem- 
perature, change  of  electric  state;  and  these  several  kindsof 
change  are  continuously  displayed  in  different  degrees  and 
combiuatiuna.  Yet  notwithslunding  this,  when  wc  consider 
that  very  few  inorganic  objects  maiiiflBat  beterogcnoily  of 
change  in  a  markwl  manner,  while  all  organic  objects  mani- 
fest it ;  and  further,  that  in  ascending  from  low  to  high  forms 
of  life,  wo  meet  with  an  increasing  variety  in  the  kinds  and 
amounts  of  changir*  diiiplayod ;  we  see  that  there  is  here 
a  further  knuling  dintiDction  between  organic  and  inorgnnio 
sctions.  According  to  this  modified  concvpliun,  then,  I.ifu  is 
nade  up  of  hetcrogeuoous  changes  both  simultaneous  and 
Moccsaive. 

If  now  wo  look  for  some  point  of  sgreemeRt  between  the 
assimilativo  and  logical  processes,  by  wliieh  they  arc  distin- 
gniahed  from  thow  inorganic  proconw*  that  arc  most  like 
th(^Ul  iu  the  hetefogeacity  of  iho  siuullauvuus  and  t 
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eliitnges  they  comprise,  we  discover  that  they  are  diatinguish. 
ed  by  die  combination  subsisting  among  their  coiistituent 
changes.  The  acts  that  make  up  digestion  are  mutuaUy  de- 
pendent. Those  composing  a  train  of  reasoning  are  in  close 
connection.  And  generally,  it  is  to  be  remarked  of  vital 
changes,  that  each  is  made  possible  by  all,  and  all  are  aSectcd 
by  each.  Respiration,  circulation,  absorption,  secretion,  ia 
their  tnany  sub-divisions,  are  bound  up  together.  Muscular 
contraction  involves  chemical  change,  change  of  temperature, 
and  change  in  the  excretions.  Active  thought  influences  the 
operations  of  the  stomach,  of  the  heart,  of  the  kidaoys.  But  we 
miss  this  union  among  inorganic  processes.  Life-like  as  may 
seem  the  action  of  a  volcano  in  respect  of  the  heterogeneity 
of  its  many  simultaneous  and  successive  changes,  it  is  not  lif^ 
like  in  respect  of  their  combination.  Though  the  chemical, 
mechanical,  thermal,  and  electric  phenomena  exhibited,  have 
some  inter- dependence ;  yet  the  emission  of  stones,  mud,  lava, 
flame,  ashea,  smoke,  steam,  usually  takes  place  irregularly  in 
quantity,  order,  intervals,  and  mode  of  conjunction.  Even 

here,  however,  it  cannot  be  said  Ibut  inanimate  things  pre 
sent  no  parallels  to  animate  ones.  A  glacier  may  be  instanced 
as  showing  nearly  as  much  combination  in  its  changes  as  a 
plant  of  the  lowest  organization.  It  ia  ever  growing  and 
ever  decaying ;  and  the  rates  of  its  composition  and  decom- 
position preserve  a  tolerably  constant  ratio.  It  moves ;  and 
its  motion  is  in  immediate  dependence  on  itt  thawing.  I* 
emits  a  torrent  of  water,  which,  in  common  with  its  motion, 
undergoes  annual  variations,  as  plants  do.  During  part 
of  the  year  the  surface  mclta  and  freezes  alternately ;  and 
on  these  changes  are  dependent  the  variations  in  movement, 
and  in  efflux  of  water.  Thus  we  have  growth,  decoy,  changes 
of  temperature,  changes  of  consistence,  changes  of  velocity 
changes  of  excretion,  all  going  on  in  connexion  ;  and  it  may 
be  as  truly  said  of  a  glacier  as  of  an  animal,  that  by  cease. 
less  integration  and  disintegration  it  gradually  undergoes  an 
entire  change  of  substance  without  losing  its  individuality' 
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Thia  exceptional  instance,  however,  will  ecarcoly  be  held  II 
obscure  that  broad  diatiDction  from  inorganic  processt^s, 
which  organic  processes  derive  from  the  combination  among 
iheir  constituent  changes.  And  the  reality  of  this  distinctiou 
becomes  yet  more  manifest  when  we  find  that,  iu  common 
with  previous  ones,  it  not  only  marks  off  the  livt«g  from  the 
not^liying,  but  aUo  things  which  live  little  from  things  which 
live  much.  For  while  the  changes  going  on  in  a  plant  or  a 
zoophyte  are  so  imperfectly  combined  that  they  can  continue 
after  it  has  been  divided  into  two  or  more  pieces,  the  com- 
binatioa  among  the  changes  going  on  in  a  mammal  is  so 
dose  that  no  part  cut  off  from  t  ho  rest  can  live,  and  any  con- 
lidorabie  disturltaiico  of  one  function  causes  a  cessation  of  the 
others.  Life,  therefore,  aa  we  now  regard  it,  is  a  com- 
bination of  beterogcneouA  changes,  both  simultaneoua  and 
BucceDsivo. 

Once  more  looking  for  a  characteristic  common  to  these 
two  kinds  of  vilal  action,  we  perceive  that  the  combinations 
of  hetorogcneons  changes  which  constitute  them,  differ  from 
the  few  combinations  which  thoy  othcrwii«  resemble,  in  re- 
spect of  tl'-fitiitfttftB.  Tlie  associuted  changes  going  on  in  a 
glacier,  admit  of  indefinite  variation.  Tnder  a  conceivable 
alteration  of  climate,  its  thawing  and  ita  progression  may  bo 
stopped  for  myriads  of  year*,  without  disabling  it  from  again 
displaying  these  phenomena  under  apjirojiriute  conditions. 
By  A  geological  convulsion,  ita  motion  may  be  arrested  with- 
onl  an  arrest  of  its  thawing;  or  by  an  increase  in  the  in- 
dination  of  the  Nurfuco  it  Btidcs  over,  its  motion  may  bo 
acclcratcd  without  accelerating  its  rate  of  diisciluiion. 
Other  things  remaining  the  same,  a  more  rapid  deposit  ol 
mow  may  cautw  en  indi'tiniteincreancof  bulk;  or,  converstly 
the  aern-liun  may  entirely  cease,  and  yet  all  the  other  netions 
continue  until  the  moss  disappears.  Here,  then,  the  combina* 
lion  has  none  of  Ihtit  defitiitrnrss  which,  in  a  plant,  murks 
ll.e  mutual  di-pendiuee  of  awiinilution,  respiration,  and  cir- 
[iiliiion;    niucti  lew  has  it  that  dt;finilcQDaa  aocD  in  th» 
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mutual  dependence  of  the  chief  animal  functions :  no  one  of 
which  can  be  varied  without  varying  the  rest:  no  one  of 
which  can  go  on  unless  the  rest  go  on.  It  is  this  definiteness 
of  combination  which  distinguishes  the  changes  occurring 
in  a  living  body  from  those  occurring  in  a  dead  one.  Decom- 
position exhibits  both  simultaneous  and  successive  changes, 
which  are  to  some  extent  heterogeneous,  and  in  a  sense  com* 
bined  ;  but  they  are  not  combined  in  a  definite  manner.  They 
vary  according  as  the  surrounding  medium  is  air,  water,  or 
earth.  They  alter  in  nature  with  the  temperature.  If  the  local 
conditions  are  unlike,  they  progress  differently  in  different 
parts  of  the  mass,  without  mutual  influence.  They  may  end  in 
producing  gases,  or  adipocire,  or  the  dry  substance  of  which 
mummies  consist.  They  may  occupy  a,few  days,  or  thousands 
of  years.  Thus,  neither  in  their  simultaneous  nor  in  their  suc- 
cessive changes,  do  dead  bodies  display  that  definiteness  of 
combination  which   characterizes  living  ones.  It  is 

true  that  in  some  inferior  creatures  the  cycle  of  successive 
changes  admits  of  a  certain  indefinit'Cness — that  it  may 
be  apparently  suspended  for  a  long  period  by  desiccation  or 
freezing;  and  may  afterwards  go  on  as  though  there  had 
been  no  breach  in  its  continuity.  But  the  circumstance 
that  only  a  low  order  of  life  permits  the  cycle  of  its  changes 
to  be  thus  modified,  serves  but  to  suggest  that,  like  the  pre- 
vious characteristics,  this  characteristic  of  definiteness  in  its 
combined  changes,  distinguishes  high  vitality  from  low  vital- 
ity, as  it  distinguishes  low  vitality  from  inorganic  processes. 
Hence,  our  formula  as  further  amended  reads  thus : — lafe  is 
a  definite  combination  of  heterogeneous  changes,  both  simul- 
taneous and  successive. 

Finally,  we  shall  still  better  express  the  facts,  if,  instead  oi 
saying  a  definite  combination  of  heterogeneous  changes,  w€ 
say  tl^e  definite  combination  of  heterogeneous  changes.  As 
it  at  present  stands,  the  definition  Is  defective  both  in  allow- 
ing that  there  may  be  other  definite  combinations  of  hetero- 
geneous changes^  and  in  directing  attention  to  the  hetei*o* 
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geno'Jiis  diangos  rather  than  to  the  definiteneas  of  their 
ouiiihiiiation.  Just  as  it  is  not  so  mui-h  its  chemical  olcmenta  J 
whiuli  constitute  an  organism,  as  it  is  tho  arrangeiuunt  ( 
thiim  iuto  special  tissues  and  organs ;  ao  it  is  not  so  much  ill  ^ 
lict«n>gcnooiis  changes  which  constitute  Life,  as  it  is  tho  de- 
finilA  combination  of  thorn.  Observo  what  it  is  that  ccaaea 
when  lifo  ccawfl.  In  a  dead  body  thore  aro  going  on  hctero- 
goncoua  chuiigcs,  both  simultaneous  and  succcMive.  ^Vhat 
then  baa  disupjtourcd  ?  The  defiuilo  comhiiiatioii  has  dis- 
Dppoarod.  Slark,  too,  tliut  however  heterogoiioous  the  HiiauU 
tuQoous  and  successive  changes  cxhibite<l  by  an  itiorganio 
object,  as  a  volcano,  wo  much  less  Irnid  lo  think  of  it  as 
living,  ttian  wo  do  u  watch  or  u  st^am-engine,  which,  though 
displanng  homogeneous  changes,  displays  them  deEnilt^Iy 
combiiit>d.  So  dominant  on  flt-ment  is  this  in  our  idea  of 
Life,  tliat  evt-u  when  nu  object  is  niotioulcss,  yet,  if  its  parta 
bo  dellnitely  combined,  wo  conclude  either  that  it  has  liud 
lifCf  or  has  boon  made  by  aomotbing  having  life.  Thus  then, 
|,00iicludo  tliut  I..ife  is — Iht  definite  combination  of  hctcro 
1  changes,  both  siiuultaiieous  and  Buccoaaive. 


■••^  S6.  Such  is  the  oonccption  at  which  wo  arriro  without 
changing  our  stdiid-iraiut.  It  is,  howevi^r,  an  incompldto 
oonceptian.  This  ultimate  formula  (which  is  to  s  ooiiaider- 
able  ext«ut  identical  with  one  above  given — "  the  co-ordina- 
tioa  of  actions ; "  seeing  that  "  detiiutu  eombitiation "  if 
•ynonymoua  with  "  co-ordination,"  and  "  changes  both  tii- 
multoiic-ous  and  successive "  are  oomprehondvd  under  tbn 
t.:nn  "  actions ; "  but  which  diffiTi  from  it  in  spocifj-ing  tha 
fntt,  that  the  ai-tions  or  cbangiM  aro  "  bi-lerogeneou*  "J — thi« 
uilimato  formula,  I  aar.  is  aflt^r  all  but  proiumatcly  comet. 
It  is  true  that  it  dues  not  fail  by  including  tlie  growth  of 
a  crystml;  for  the  cuocessive  change*  this  imiilii^  cannot  bo 
csllud  heterogeneous.  It  is  tnis  lliat  the  action  of  a  galvanin 
bnttery  w  not  coroprised  in  it ;  aince  here,  too,  heWirogcnt  iiy 
is  uot  exhibited  by  tlie  Auccvssiv*  changes.    It  is  Lruo  that  hj 


PROXIMATB   DEPINITION   OF   LIFK.  71 

tluB  same  qualification  the  motiona  of  the  Solar  System  are 
excluded ;  as  are  also  those  of  a  watch  and  a  stearo- engine. 
It  is  true,  moreover,  that  while,  in  virtue  of  their  heteroge- 
neity, the  actions  going  'on  in  a  cloud,  in  a  volcano,  in  a 
glacier,  fulfil  the  definition ;  they  fall  short  of  it  in  lacking 
dofiniteness  of  combination.  It  is  further  true  that  this  de- 
finiteness  of  combination,  distinguishes  the  changes  taking 
place  in  an  organism  during  life,  from  those  which  commence 
at  death.  And  beyond  all  this  it  is  true  that,  as  well  as 
■erring  to  mark  off,  more  or  less  clearly,  organic  actions  from 
inoi^nio  actions,  each  member  of  the  definition  serves  to 
mark  off  the  actions  constituting  high  vitality  from  those 
constituting  low  vitality ;  seeing  that  life  is  high  in  propor- 
tion to  the  number  of  successive  changes  occurring  between 
birth  and  death ;  in  proportion  to  the  number  of  simultaneous 
changes ;  in  proportion  to  the  heterogeneity  of  the  changes ; 
in  proportion  to  the  combination  subsisting  among  the 
changes ;  and  in  proportion  to  the  definiteness  of  their  com- 
bination. ^Nevertheless,  answering  though  it  does  to  so 
many  requirements,  this  definition  is  essentially  defective. 
It  doea  not  convey  a  complete  idea  of  the  thing  contem- 
plated. Thedejinite  combination  of  keterogeneoui  changes,  both 
•  tttnuUaneom  and  mcceashe,  is  a  formula  which  fails  to  call 
op  an  adequate  conception.  And  it  fails  from  omitting  the 
most  distinctive  peculiarity  —  the  peculiarity  of  which  we 
have  the  most  familiar  experience,  and  with  which  our  notion 
of  Life  is,  more  than  with  any  other,  associated.  It  romaiiiB 
now  to  supplement  the  definition  by  the  addition  of  this 
peodiaritj. 


THE  COKEESl'ONDKNCT.  BETWEKN   UiT.  AND  ITB 
CIKClJMSrANCES. 

It  27.  We  habitually  diatinguish  between  a  live  olijoot 
aiid  a  dead  one,  by  obMrving  whether  a  change  which  wa 
tnalco  in  the  BUiroundiuf;  conditions,  or  one  which  Katuro 
mokes  in  thorn,  is  or  is  not  followed  by  some  perceptible  change 
ill  the  object.  By  discovering  that  certain  ihiugs  shrink  when 
toucbctl,  or  Hy  away  whea  approached,  or  start  when  a  noiae 
U  mudc,  the  child  firBt  roughly  discriminatca  helWE^n  the 
living  and  the  not-living;  and  the  man  when  in  doubt 
whuthcr  an  animal  he  is  looking  at  is  dead  or  not,  stirs  it 
with  hia  stick;  or  if  it  be  at  a  distance,  shouts,  or  throws  a 
•loua  at  it.  Vcf^tul  and  animal  lifi.'  are  alike  priiiiurily 
recognized  by  this  process.  The  tree  that  puts  out  hntvca 
whun  the  spring  brings  a  change  of  tonijKirBturc,  tho  flower 
which  opoiis  and  cloaca  with  the  rising  aiid  Botiing  of  tho 
ftun,  the  plant  that  droops  when  tho  soil  is  dry,  and  n>>rrecU 
itself  when  watvrvd,  are  ooniiidurc<l  olive  because  of  thcae  iii- 
doocd  changes ;  in  common  with  t)iu  zoophyte;  which  contracts 
oothopoiuiiigofa  cloud  over  the  sun,  the  worm  that  comes  to 
the  surface  when  tho  ground  la  continuously  shaken,  and  the 
lu-dg«hog  that  rolls  itself  up  when  attacked. 

Not  only,  however,  do  we  hahitaolly  look  for  yroe  rcsponsa 
when  an  eitcmal  sliniulus  is  tfppli«d  to  a  living  organism, 
but  WP  pi'rccive  a  fitness  ia  the  rc«pODB:>.  Dead  as  well  oa 
living  things  display  chanter*  under  certain  changes  of  ooi^ 
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ditioD  :  iDsiaoca,  a  lump  of  carbonate  of  soda  that  eS'ervcscei 
whea  dropped  iuto  sulphuric  acid;  a  cord  that  contracta 
when  wetted ;  a  piece  of  bread  that  turns  brown  when  held 
near  the  fire.  But  in  these  cases,  we  do  not  see  a  coonexioii 
between  the  changes  undergone,  and  the  preservfl^ion  nf  tha 
things  that  undergo  them  ;  or,  to  avoid  any  teleological  im- 
plication — the  changes  have  no  apparent  relatiom  to  future 
external  events  which  are  sure  or  likely  to  take  place.  In 
vital  changes,  however,  such  relations  are  manifest.  Light 
being  necessary  to  vegetal  life,  we  see  in  the  action  of  a 
plant  which,  when  much  shaded,  grows  towards  the  unshaded 
side,  an  appropriateneas  which  we  should  not  see  did  it  grow 
otherwise.  Evidently  the  proceedings  of  a  spider,  which 
mshee  out  when  its  web  is  gently  shaken  and  stays  within 
when  tlie  shaking  is  violent,  conduce  better  to  the  obtainment 
of  food  and  the  avoidance  of^ danger  than  were  they  reversed. 
The  fact  tltat  we  feel  surprise  when,  as  in  the  case  of  a  bird  fas- 
cinated by  a  snake,  the  conduct  tends  towards  self-destruction, 
at  once  shows  how  generally  we  have  observed  an  adaptation 
of  living  changes  to  changes  in  surrounding  circumstances. 

Note  further  the  kindred  truth,  rendered  so  familiar  by 
infinite  repetition  that  we  forget  its  significanoe,  that  there 
is  invariably,  and  necessarily,  a  conformity  between  the  vital 
functions  of  any  organism,  and  the  conditions  in  which  it  is 
placed — between  the  processes  going  on  inside  of  it,  and  the 
processes  going  on  outside  of  it.  We  know  that  a  fish  can- 
not live  in  air,  or  a  man  in  water.  An  oak  growing  in  the 
ocean,  and  a  seaweed  on  the  top  of  a  hill,  are  incredible 
combinations  of  ideas.  We  find  that  every  animal  is  limited 
to  a  certain  range  of  climate ;  every  plant  to  certain  zones  of 
latitude  and  elevation.  Of  the  marine  flora  and  fauna,  each 
species  is  found  exclusively  between  such  and  such  depths. 
Some  blind  creatures  flourish  only  in  dark  caves ;  the  limpet 
only  where  it  is  alternately  covered  and  uncovered  by  the 
tide ;  the  red-snow  alga  rarely  elsewhere  than  in  the  aiciio 
region!  or  among  airline  ])caka. 


lu 
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Grouping  logotlier  tlie  CiisL-s  Cret  named,  in  which  a  piitti-  ] 
I;  ciilar  change  in  tbo  circmnBtaiiccs  of  an  organism  is  foUowi-'l  J 
L  b_v  a  piirliuuW  uhungo  in  it,  and  tbo  casca  lost  namod,  iu  1 
I  vliicb  tho  constant  actions  ociiurring  within  on  orgauism  iin-l 
I  jily  eoino  constant  actioua  04.'CiUTin>;  without  it ;  we  sue  thatl 
T  ill  both,  tho  changM  or  proccoses  displayed  by  a  living  body^ 
1  s|)ocially  related  to  the  chaugos  or  processes  iu  its  va»m 
T  Tironmont.  And  here  vo  Iiave  the  needful  supplement  tofl 
f  our  conception  of  Life.  Adding  this  all -important  charuo*-* 
I  b^ristio,  our  conception  of  Life  becomes — Tho  definite  cam«a 
bination  of  heterogeneous  ohan.ge9,  both  simultancooa  and* 
Buocesaivo,  tn  corrcsjKmlenee  idt/t  fjrtcrnal_  CQ-f^i^ffcnaei  : 
I  trquciices.  That  the  full  signilicnnco  of  this  addition  may  b«fl 
I  8ixn,  it  will  bo  necessary  (u  gluiico  at  the  correspondencol 
I  under  sumo  of  its  leading  ospevta.* 


S  28.  Neglocting  i 


'  requirements,  tae  acUons  goinH 


*  Spciking  ot  "  tb»  gmsnl  idea  ot  lifi,"  M.  Comto  up  -.—"  C*ltc  IJfc  ^« 
poM,  on  •ireU  ntin-ieulenuint  Mtle  iTun  (Ira  orjiniaJ  do  tnaniirs  \  et 

ui  loiu  nUv,  non  molna  iadUpcuubtc,  d'on  cciiaia  uniFiutii 
\  d'inBiunnM  «iUricuni  pnipra  kaon  acoompllHeinvnl.  t7a«  tvllt  tunuonie  n 
I  t£tn  rirant  H  U  mititti  cormpaBiIjint,  «iniH^riM  *tidraitD«ii  Ix  condition  r«a 
1«  d*  la  ria,"  Ciiniin<rnliR|{  od  da  UlainTiUa'a  dafinilion  of  Ufa,  vlilrh  hi 
I  tdapU,  ba  aaji:— "CotulumlaniN  di>lifiiiiun  n*  moparait  Liiavr  tivn  d'Jn 
I  UbI  i  dJtaniTi  li  ra  b'mI  un*  lailii»llun  |ilua  UirooU  Bt  plus  nipboite  do  rai  ilw 
I  (puilitioai  fluidaidrnuin  c<>-n>liiiiT«a.  nicnHiimnrnliiufpnnblMdBriUt  ti 

w  diMnninf'  «l  un  uIhw  tuatoBibla."  Il  It  tlnag*  ikat  M.  Cga 
I  IbmU  bivt  tlmi  rKOD^iiciI  tho  nocwailj  of  a  bannoDjr  bttwaon  an  orf^imi  m 
I  Ba  anniuimtent.  aa  a  tatid-tnn  aanratiaJ  to  life,  and  ihuuld  not  hnvu  >»ii  tb*i 
jlcnitiH  uf  luch  inner  actiuiu  aa  aiU  eoimMtbalatiM  oator  ad 
It  il  lb«  moro  itrango  that  ho  ibKulrl  hala  b»«a  (U  tiMr 
I  ftuUi  sad  |>t  niaacd  it,  rituii,  bniiln  bia  wido  nn|pi  of  tbaoghl,  M.  Comto  ia 
[.  sAra  tvmukahia  lot  hi*  clnir  inluitiont.  I<nl  b<r  MyiRj;  thih  I  th.iuld  dtrpfn  ■ 
I  BuHOawptiun  tntu  whicb  lAaio  haio  bUrn.  IpI  mo  taka  tho  uppnrluuilf  uf  tuiing, 
Hti'-'fo  (Aine  »(  H,  Cntnto'i  nitiuT  (Knrnliialiniui  In  bf  tmo.  anil 
11110  Ilia  proAindity  of  manjr  indilrnUl  ubiorTaliiii*  bo  maLn.  I 
i>-|>l  hi*  tfilMn.  Tboae  gcnoral  doftrinn  in  which  I  a^mi  vilh 
vliirb  be  bolil*  in  tommim  with  nrndrr  oihiir  tbinliiTn.  Viih  ill 
I  Itu^  itvnml  dortrUm  vlriell  act  didiactiia  of  hit  plii1u»ph)r,  I  diaa^^ne^ivi  ' 
'  .t  Ida)  t  bon  ilpflnito  l<.'>wlr.li:-  nt;  fur  WjrmA  lb*  Hnl  '    " 
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on  hi  u  plant  pre-suppose  a  surrounding  medium  oootainii^ 
at  least  carbonic  acid  and  water,  together  with  a  due  etipply 
of  light  and  a  certain  tcniporature.  Within  the  ieitvea 
Ciirbon  is  being  assimilated  and  oxygen  given  off;  without 
tliem,  is  the  gas  from  which  the  carbon  is  abstracted,  and  tho 
imponderable  agcntx  that  aid  the  abstraction.  Be  the  iiutuia 
of  the  process  what  it  may,  it  is  cleor  that  there  are  external 
elements  prone  to  undergo  siiecial  re-arrangements  under 
Bpeciul  conditions.  It  ia  clear  that  the  plant  in  sunshine 
present*  these  conditions  and  so  effects  these  re-arrange- 
menfs.  And  thus  it  is  clear  that  the  changes  which  consti-i/ 
tute  the  plant's  life,  are  in  correspondence  with  co-oxistencca 
ill  it«  environment. 

If,  again,  we  ask  respecting  the  lowest  protozoon,  how 
it  lives;  the  answer  is,  that  while  on  the  one  hand  its  sub- 

ianoo  is  ever  undergoing  oxidation,  it  is  on  the  other  hai 
ever  absorbing  nutriment ;  and  that  it  may  continue  to  e: 
the  assimilation  must  keep  pace  with,  or  exceed,  the  oxidtitioj 
If  further  we  ask  under  what  circumstances  the^e  combia 
changes  are  possible ;  there  is  the  obvious  reply,  that  1 
medium  in  which  tho  protozoon  is  placed,  must  contain  o:d 
gen  and  food — oxygL-n  in  such  quantity  as  to  produce  soi 
disintegration  ;  food  in  such  quantity  as  to  pormit  that  ( 
integration  to  be  made  good.  In  other  words— the 
antagonistic  proceEses  taking  jilace  internally,  imply  the  pre- 
•eooe  exterDally  of  materials  having  affiniUes  that  can  give 
rise  to  these  processes. 

Leaving  Ibose  lowest  animal  forms  revealed  by  the 
erosi'ope,  whi.-h  simply  take  in  through  their  surfaces  fn 
tLulrilBent  and  oxygenated  fluids  coming  in  contact  ' 
tli(Tin,  we  pnsa  lo  those  somewhat  higher  forms  which  Luve 
their  tissues  partially  specialized  into  assimilative  and  ro- 
si'iratory.  In  these  we  see  a  correspondence  between  certain 
actions  in  the  iligesiive  sac,  and  the  properties  of  certain  b 
rounding  bodies.  That  a  creature  of  this  order  may  continul 
ta  liv%  it  is  neccssury  not  only  that  there  be  masses  of  sul 
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stance  in  tlie  onvtroumoat  capable  of  transform atioa  iiifi  i 
owu  tisaua ;  but  that  Hic  introductioa  of  tboso  masses  into  ita  J 
stotnach,  ahull  be  follnwcd  by  tlio  scwrction  of  u  solvent  fluid 
tliut  will  reduce  them  to  a  fit  state  for  absorption.     SpL-clal 
oul«r  properties  must  be  mot  by  special  inner  properties. 

When,  fruin  the  procoas  by  which  food  is  digested,  ws 
turn  to  tbo  processes  by  whii;h  it  ia  seized,  we  perc^cive  tho 
samo  f;ciionil  truth.  The  etiuginp  and  contractile  power  of 
a  polj-pe's  tentacle,  correspond  to  the  eensilivenesg  and 
strength  of  tho  creatures  serving  it  for  prey.  Unless  that 
external  chango  win'eh  brings  one  of  these  creatures  in  con* 
tact  with  tho  tonlacle,  woru  quickly  fuUowod  by  those  inter- 
tud  changes  which  result  in  the  coiling  and  drawing  up  of 

^tiM  (eat4ioie,  the  polype  would  die  of  inanition.  The  fuiida- 
intal  processett  of  integration  and  disintegration  within  it, 
would  get  out  of  corrcspou'lence  with  the  agenciev  and  pro- 
«aaes  without  it ;  and  tho  lifo  would  cease. 

Similarly,  it  may  bo  shown  tliat  when  tho  creature  be- 
cotiicH  80  large  that  its  tissue  cannot  bo  ofEciontly  supplied 
vith  nutriment   by  mere    absorption    ihrough   its  limiting 

i  membrane*,  or  duly  oxygenated  by  contaet  with  tho  fluid 
that  bathos  its  surface,  tliere  arises  a  neu-ssity  for  a  eircu- 
latory  system  by  which  nntiiment  and  oxygen  may  bo  dis<  ] 
tributod  throughout  the  mas* ;  and  the  functions  of  this  sys- 
tem, being  subsidiary  to  the  two  primary  functions,  form 
links  in  the  correspondence  between  internal  and  cxtomal  oo- 
a,  llio  like  if  obviously  true  of  all  those  suburdJtiala 
functions,  secretory  and  excretory,  that  fuvililut«  oxidation 
and  assimilation — functions  in  which  wo  may  trocu,  botli  co- 
tcmporancous  changes  answering  to  co-cxistcnoes  in  the  «n- 

I  vironment,  and  successive  changes  answering  to  those  cIuiDgva 

I  of  comjiosition,  of  temperature,  of  li^ht,  of  moisture;,  of  prvs-   j 

I  Burv,  which  the  environment  undergoes. 

AKCvnding  from  the  lisecral  actions  to  the  muscular  ant)  ^ 

I  nervous  actions,  wo  find  tho  corrcsjMindrneo  displayed  in 

'  Biauncr  still  more  obviuus.      Every  act  of  looomuiiuu  iia|tliut  J 
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t}te  expenditure  of  certain  internal  mechanical  forces,  adapted 
in  amoimts  and  directions  to  balance  or  out-balance  certain 
external  ones,  llie  recogiiition  of  an  object  is  impossible 
vithout  a  harmony  between  the  changes  constituting  pei^ 
ccption,  and  particular  properties  co-existing  in  the  enviroa- 
mcnt.  Escape  from  enemies  supposes  motions  within  the 
organism,  related  in  kind  and  rapidity  to  motions  without  it. 
Destruction  of  prey  requires  a  particular  combination  of  sub- 
jective actions,  fitted  in  degree  and  succession  to  overcome  a 
group  of  objective  ones.  And  so  with  those  countless  au- 
tomatic processes  exemplified  in  works  on  animal  instinct. 

In  the  highest  order  of  vital  changes,  the  same  fact  is 
equally  manifest.  The  empirical  generalization  that  guides 
the  fanner  in  his  rotation  of  crops,  serves  to  bring  his  actions 
into  concord  with  certoin  of  the  actions  going  on  in  ptants 
and  soiL  The  rational  deductions  of  tbe  educated  navigator 
who  calculates  his  position  at  sea,  constitute  a  series  of  mental 
acts  by  which  his  proceedings  are  conformed  to  surrounding 
circumstances.  Alike  in  the  simplest  inferences  of  the  child, 
and  the  most  complex  ones  of  the  man  of  science,  we  find  a 
correspondence  betweeo  simultaneous  and  successive  changes 
in  the  organism,  and  co-existences  and  sequences  in  its  envi- 
ronment. 

{  29,  This  general  formula,  which  thus  includes  the  lowest 
vegetal  ph>ceeses  as  well  as  the  highest  manifestations  of  hu- 
man intelligence,  will  perhaps  call  forth  some  criticisms  which 
it  is  desirable  here  to  meet. 

It  may  be  thought  that  there  are  still  a  few  inorganic  bc* 
tions  included  in  the  definition  ;  as  for  example  that  displayed 
by  the  mia-named  storm-gloss.  The  feathery  crystallization 
which,  on  a  certain  change  of  temperature,  takes  place  in  the 
solution  contained  by  this  instrument,  and  which  afterwards 
dissolves  to  reappear  in  new  forms  under  new  conditions,  mny 
be  held  to  present  simultaneous  and  successive  changes  that 
ftre  to  some  extent  heterogeneous,  that  occur  with  some  d» 
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GnitoneaH  of  combtoation,  and,  above  all,  txcnr  in  corn.<?pnT 
eiiuc  with  external  changes.     In  tliis  ctiao  vegetal  lifo  U  tanii*^ 
uUtcd  to  a  considerable  extent ;  but  it  is  tmreli/  simulatt.'4 
Ttio  relation  between  the  phcuouiena  occurring  in  the  storm^g 
glaws  and  in  the  atmospbero  rcsimctivcly,  is  roally  not  a  c 
renpondenco  at  all,  in  the  proper  sense  of  the  word.     Outsiib 
there  is  a  certain  change ;  inside  there  is  a  change  of  atom 
Brran^-ment,     Outside  there  is  another  certain  change ;  ii 
side  (hero  is  another  change  of  atomic  arrangement.     Uaf<9 
aublle  as  is  the  dependence  of  each  internal  upon  each  ex^l 
ternal  cliange,  the  connexion  between  them  does  not,  in  t 
abstract,  differ  from  the  connexion  between  the  motion  of  i 
Btrunr  and  the  motion  of  the  wind  that  disturbs  it. 
ciise_a_cluuigu  prM'"'''!!  "  rhffnjp*.  fn<\  ther"  '*■  ""dn     I 
alteration  wrought  by  sonye  enviri^'ntng  ngcpcy  pn^  an  inai 
mato  object,  Awn  not  tend  to  indues  in  it  a  sccondaiy.  a.Uen- 
tion,  that  antici2^>al<!4  sutne  scounilary  allemtion  in  the  en- 
vironmcnt.     But  in  every  living  body  thero  is  a  teiidi.iny 
towanls  secondary  altonitiuiis  uf  this  nature;  and  it  is  in 
their  production  that  the  correspond  en  co  eonitiats.    THo^djf- 
ferenco  may  be  best  expressed   by  symbols.     Let   A  be  a 
change  in  tliu  environment;  and  11  some  resulting  o1iung« 
in  an  inorganic  mass.     Then  A  having  produced  B,  the  ao> 
Hon  cmses.     I'hougb  the  change  A  in  the  environment,  19 
Ibllowed  by  some  conscijuent  cliange  a  in  it ;  no  parullr;!  se- 
qnvnoe  in  the  inorganic  mass  simultaneously  geDcmlcH  in  \*. 
tome  change  b  that  has  referonco  to  the  change  a.    But  if  we 
tako  a  living  body  of  the  requisite  organization,  and  k't  t!ia 
cha»g<t  A  impress  on  it  some  change  (' ;  then,  while  in  tho 
enrironment  A  is  occasioning  a,  in  the  U*-iiig  body  C  will 
be  oceofiinninK  r.-  of  which  a  and  e  will  show  n  certain  con- 
conl  in  timi-.  place,  or  intenHity.    And  while  it  is  in  tho  con* 
tinuous  production  of  such  concords  or  correspoiulvnaw  that 
liifo  consists,  it  is  6y  the  continuous  production  of  them  Jti^t 
Life  is  maiutained. 

The  further  criliiriun  that  may  be  exxa-cted,  coucorns  o 
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tarn  Tierbal  imperfections  in  the  dufiuition,  vbich  it  seema 
iiDpossiblo  to  avoid.  It  may  be  fairly  urged  that  the  word 
eormpondentx  will  not  include,  Tithout  Btraining,  the  various 
relations  to  be  expressed  by  it.    It  may  be  asked  : — Hov  can 

-  the  continuous  processes  of  assimilation  and  respiration,  cor- 
respond with  the  co-existence  of  food  and  oxygen  in  the  en- 
Tironment  ?  or  again  : — How  can  the  act  of  secreting  some 
defensive  fluid,  correspond  with  some  external  danger  which 
may  never  oecar  P  or  again  : — How  can  the  dynamical  phe- 
nomena constituting  perception,  correspond  with  the  statical 
phenomena  of  the  solid  body  perceived  ?  The  only  reply  to 
these  questions,  is,  that  we  have  no  word  sufficiently  general 
to  comprehend  all  forms  of  this  relation  between  the  organ- 
ism and  its  medium,  and  yet  sufficiently  specific  to  convey  aa 

'  adequate  idea  of  the  relation ;  and  that  the  word  correspond- 
ence seems  the  least  objectionable.  The  fact  to  ho  expressed 
in  Qil  cases,  is,  that  certain  changes,  continuous  or  discon* 
tinuous,  in  the  organism,  are  connected  after  such  a  manner 
that,  in  their  amounts,  or  variations,  or  periods  of  occurrence, 
or  modes  of  succession,  they  have  a  reference  to  external  ac- 
tions, constant  or  serial,  actual  or  potential — a  reference  such 
that  a  definite  relation  among  any  members  of  the  one  group, 
implies  a  definite  relation  among  certain  members  of  the 
other  group ;  and  the  word  correspondence  appears  the  best 
fitted  to  express  this  fact 

I  30.  The  presentation  of  the  phenomena  under  this  ge- 
neral form,  suggests  how  our  definition  of  Life  may  be  reduced 
to  its  most  abstract  shape  ;  and  perhaps  its  best  shape.  By 
regarding  the  respective  elements  of  the  definition  as  relations, 
we  avoid  both  the  circumlocution  and  the  verbal  inaccuracy ; 
and  that  we  may  so  regard  them  with  propriety  is  obvious. 
I  f  a  creature's  rate  of  assimilation  is  increased  in  consequence 
of  a  decrease  of  temperature  in  the  environment ;  it  is  that 
the  relation  between  the  food  consumed  and  heat  produced,  is 
■a  zc-udjusted  by  multiplying  both  its  members,  that  tUa 


30 


TTIF  DATA   OF    niOT/)GT. 


Klt«rcd  nlutlon  in  tlie  BurToaadiu;^  mudiiim  b<-twc«ii  Inl 
quantity  of  licuit  absoibed  from,  nnd  ruiliutcd  to,  bodies  of  n 
given  tempei'aturc,  is  coiuit«rbulancod.  If  a  sound  oriiaci^itt 
Wftflcd  to  it  on  tlio  breeze,  prompts  the  stag  to  dart  away 
from  llie  dcer-stu liter ;  it  is  tliut  there  exiiila  in  its  nvlgliboa 
hood  a  relation  between  a  certain  aonsibld  pi'upcrty  and  ( 
tain  actions  dun^-t-ous  to  the  slug,  wliilo  in  its  organiad 
there  cxi&ta  an  aditpted  relation  botwocn  the  iiuprcssion  tliil 
Kiisibl<;  pmiierfy  priMlnecB,  and  the  actioua  by  which  dungi* 
in  ceca[icd.  If  iix^uiry  lias  led  the  chuuiist  to  a  law,  ciiabliii]^ 
him  to  tell  how  niucli  of  any  ono  element  will  combine  with 
Bu  much  of  uuother ;  it  is  that  there  has  been  t^tablishcil 
in  him  specific  mental  relations,  which  accord  with  specillo 
chtimical  relations  in  the  things  around.  Seeing,  then,  that  in 
■11  cases  wo  may  consider  the  exteniul  phenomena  as  simply 
in  relation,  and  the  int(>mid  phenomena  also  as  simply  in  re- 
lation ;  the  hroailost  and  most  complete  dclinition  of  Life  will 
he^T/ie  cotuinuout  at^usimcnt  of  iiitaital  relatioiit  to  external 
nlati'otu* 

'^^'hile  it  is  bimpler,  this  modified  formula  has  th«  further 
advoutago  of  being  somewhat  more  comprehensive.  To  say 
that  it  includes  not  only  those  deliuiie  combinations  of  simul- 
Inncous  and  successive  changes  in  an  organism,  which  cor- 
riMpond  to  oo-existcncos  and  sequences  in  the  environment, 
but  also  those  structural  nrrnngemcnts  which  enable  the  or- 
ganism to  adapt  its  actions  to  actions  in  the  environtnenl, 
may  perhaps  Im  going  too  far;  for  thuugh  thcw  structunl 
Kmuiguinonts  present  internal  relations  adjusted  to  cxten  :il 
idations,  yet  the  conlinuoaa  a^utimritt  of  relations  e.iii 
•oarvely  be  held  to  include  a  Jiird  tidjuntmenl  already  mixli. 
Qorly.  t^fe,  whicli  is  ma<l6  up  of  di/Hamicat  phenomrtna, 
i  bo  defined  in  t^rms  that  shall  at  the  same  time  de&ite 

i  apparatus  maniftvting  it,  which  presontx  only  nfntunl 
luena.     Hut  while  this  antithesis  Borves  to  remind  us 
that  the  fundamental  distinction  between  the  organism  and 

*  Ib  Autb«r  eIuel>lAlii&  of  ttiii  gcncnl  doctrine^  sen  Fint  Prlt,trrii*,  f  'ib. 
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its  actions,  is  as  wide  as  that  between  Matter  and  Motion,  it 
nt  the  same  time  draws  attention  to  the  fact,  that  if  the 
structural  arrangements  of  the  adult  are  not  properly  in- 
cluded in  the  definition,  yet  the  developmental  processes  by 
which  those  arrangements  were  established,  are  included. 
For  that  process  of  evolution  during  which  the  organs  of  the 
embryo  are  fitted  to  their  prospective  functions,  is  from  he^ 
ginning  to  end  the  gradual  or  continuous  adjustment  of  in* 
ternal  relations  to  external  relations.  Moreover,  those  struc* 
tural  modifications  of  the  adult  organism,  which,  imder  change 
of  climate,  change  of  occupation,  change  of  food,  slowly  bring 
about  some  re-arrangement  in  the  organic  balance,  must  simi- 
larly be  regarded  as  continuous  adjustments  of  internal  re- 
la^ions  to  external  relations.  So  that  not  only  does  the  de- 
finition, as  thus  expressed,  comprehend  all  those  activities, 
bodily  and  mental,  which  constitute  our  ordinary  idea  of  Life; 
but  it  also  comprehends,  both  those  processes  of  development 
by  which  the  organism  is  brought  into  general  fitness  for 
these  activities,  and  those  after-processes  of  adaptation  by 
which  it  is  specially  fitted  to  its  special  activities. 

Nevertheless,  superior  as  it  is  in  simplicity  and  comprehen- 
siveness, so  abstract  a  formula  as  this  is  scarcely  fitted  for 
our  present  purpose.  Reserving  its  terms  for  such  use  as  oc- 
casion may  dictate,  it  will  be  best  commonly  to  employ  its 
more  concrete  equivalent — to  consider  the  internal  relations 
as  "  definite  combinations  of  simultaneous  and  succc^s^ivo 
changes ; "  the  external  relations  as  **  co-existences  and  se- 
quences ; "  and  the  connexion  between  them  as  a  ''  corre- 
spondence.'' 
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THE  DliaUlX  OF  LIFE    VARIES  AS  THK  DEOltCE  Wt 
COKItESI'ONDluNCi:. 

S  ■'il.  Already  it  has  been  showB  rcsixjctlng  each  other] 
qiiulilication  included  in  the  foregoing  detuiition,  thut  the  liGt  I 
is  high  in  proportion  as  thut  quiilificutioQ  is  well  fulhlU^; 
and  it  is  now  to  be  remarked,  that  the  same  thing  is  espwioUy 
true  respecting  this  last  quulilicution — the  eorrcsponJi'iieo  be- 
tween internal  and  external  relations.  It  is  mauit'est  it  pnori, 
that  since  changes  in  the  physical  state  of  the  enviroTinient,  as 
also  those  mcchauical  actions  and  tltose  variations  of  availabia 
food  which  occur  in  it,  are  liable  to  stop  the  proceasefl  going 
on  in  the  organism  ;  and  since  the  adaptive  changes  in  the 
organism  have  the  ofil'cts  of  directly  or  indirectly  counter- 
buWcing  thivie  changes  in  tho  ennronment ;  it  fallows  that 
tJjc  lifo  of  tho  organism  will  l>c  short  or  long,  low  or  high, 
according  to  the  extent  to  which  uhungL-s  in  tho  eitviroiiniiiit 
are  met  by  corresponding  clmngca  in  tlio  organism.  Allow- 
ing ft  margin  for  |terturbutii>u.<t,  thu  lifo  will  contimio  only 
e  the  corrcajmiideace  conliimod  ;  the  cniiiph-teneBa  of  the 
life  will  be  propnrliunttto  to  the  complctenesti  of  the  c 
■puiidrJK^^;  and  tho  lifo  will  Im  perfect  only  when  jTie  coeib-  . 
•puudence  is  perfect  Not  lo  dwi-lt  in  gv-m-ral  isUilcment^  I 
Vowe^'cr,  let  us  oijnteuiplate   this  truth  under  iu  concrete  I 

«0JK-Ct«. 

§  33.  la  life  of  the  luwcst  oiilur,  •na  find  tliat  only  1 
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most  prevalent  coexistences  and  sequences  in  the  environ- 
ment, have  any  simultaneous  and  successive  changes  answer- 
ing to  them  in  the  organism.  A  plant's  vital  processes 
display  adjustment  solely  to  the  continuous  coexistence  of 
certain  elements  and  forces  surrounding  its  roots  and  leaves ; 
and  vary  only  with  the  variations  produced  in  these  ele- 
ments and  forces  by  the  sun — are  unaffected  by  the  countless 
mechanical  and  other  changes  occurring  around ;  save  when 
accidentally  arrested  by  these.  Tho  life  of  a  worm  is  made 
up  of  actions  referring  almost  exclusively  to  the  tangible  pro- 
pertios  of  adjacent  things.  All  those  visible  and  audible 
changes  which  happen  near  it,  and  are  connected  with  other 
changes  that  may  presently  destroy  it,  pass  unrecognized- 
produce  in  it  no  adapted  changes :  its  only  adjustment  of  in- 
ternal relations  to  external  relations  of  this  order,  is  seen 
when  it  escapes  to  the  surface  on  feeling  the  vibrations  pro- 
duced by  an  approaching  mole.  Adjusted  as  are  the  pro- 
ceedings of  a  bird,  to  a  far  greater  number  of  coexistences  and 
sequences  in  the  environment,  cognizable  by  sight,  hearing, 
scent,  and  their  combinations ;  and  numerous  as  are  tho 
dangers  it  shuns  and  the  needs  it  fulfils,  in  virtue  of  this  ex- 
tensive correspondence ;  it  exhibits  no  such  actions  as  those 
by  which  a  human  being  counterbalances  variations  in  tem- 
perature and  supply  of  food,  consequent  on  the  seasons.  And 
when  we  see  the  plant  eaten,  tho  worm  trodden  on,  tho  bird 
dead  from  starvation. ;  we  see  alike  that  tho  death  is  an  arr^t 
of  such  correspondence  as  .exiBted ;  that  it  occurred  when 
there  was  some  change  in  the  environment  to  which  the  or- 
ganism made  no  answering  change i^and  that  thus,  both  in 
shortness  and  simplicity,  the  life  was  incomplete  in  propor- 
tion as  the  correspondence  was  incomplete.  Progress  towuvds 
more  prolonged  and  higher  life,  evidently  implies  an  ability 
to  respond  to  less  general  coexistencesand  sequences.  Each 
step  upwards  must  consist  in  addingto  the  previously-adjusted 
relations  which  the  organism  exhibits,  some  further  rehilinn 
parallel  to  a  further  relation  in  the  euviroumeiiL     A.\\&.  N\a 
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gri'iitcr  cOTTe!'pon(lGnce  tlius  cstubliabed,  must,  other  tbi;igv 
equul,  show  itself  both  in  greater  complexity  of  lifi',  unil 
greater  length  of  life — a  truth  whiuli  will  be  duly  reiiUxed  tin 
remembering  that  enormous  mortality  which  prevuiU  among 
li)wly-org;iniKod  creutufcs,  and  that  gradual  increase  (^  _ 
longi^vity  and  diminution  of  fertility  which  wo  meet  with  c 
ascending  to  crenturca  of  higher  and  higher  developmunt. 

It  murit,  however,  be  remarked,  that  while  lengtli  and  com- 
plexity of  life  are,  to  a  great  extent,  associated — while  k 
more  extended  correspondence  in  the  auccessive  chang.-s, 
commonly  implied  increased  correspondence  in  tho  simul- 
tanoous  changes ;  yet  it  is  not  uniformly  so.  Between  Ihs 
two  great  divisions  of  life — animal  and  vegetal — this  coniraat 
by  no  means  holds.  A  tree  may  live  a  tbousund  ytarj, 
though  the  sirauliAncous  ehanges  going  on  in  it  auswi^r  only 
tu  tl(o  few  chemical  ofiiuitica  in  the  air  and  the  earth,  and 
though  its  serial  changes  answer  only  to  those  of  day  nnd 
night,  of  the  weatlier  and  the  seasons.  A  tortoise,  whii^h 
exhibits  in  a  given  time  nothing  like  the  number  of  inteni^l 
•cliona  adjusted  to  external  ones,  that  are  exhibited  fey  a  dug, 
jot  lives  far  longer.  The  tree  by  its  massive  trunk,  and  the 
lortoioe  by  il^  hard  carnpacc,  are  saved  the  necessity  of  re- 
ipunding  to  those  many  surrounding  mechanical  actions  whirh 
orgiuiisms  not  tlius  protected  must  respond  to  or  die;  or 
rather — tho  tree  and  tho  torloisa  display  in  their  structur-S, 
certain  simple  statical  relations  adapted  to  meet  countli'ss 
dynamical  relations  external  to  them.  Hut  notwithstanding 
tho  qualification*  sugge.1t<^d  by  suuh  cost^,  it  needs  but  l.> 
compare  a  microscopic  fungus  with  an  oak,  an  oiiimalculo 
with  B  shark,  a  mouw  with  a  roan,  to  recognize  the  foot  th.tt 
this  incrcuing  correspondi-aco  uf  its  vhungca  with  thoHe  »f 
the  caviroament,  which  chnriiclcrizes  progressing  life,  ha- 
bitually ahows  itself  at  tho  same  time  in  continuity  and  iti 
eoiii  plication. 

Kven  were  not  the  cnanexioD  between  length  of  life  and 
ooutjttuxity  bf  Ufa  thus  ooospicuoas,  it  would  still  ba  tnM 
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that  the  decree  of  life  varies  with  the  degree  of  oorreepood* 
ence.  For  if  the  lengthened  existence  of  a  tree  be  looked 
□pon  aa  tantamount  to  a  considerable  degree  of  lifa ;  then  it 
must  be  admitted  that  its  lengthened  display  of  correspond- 
euces  is  tantamount  to  a  considerable  degree  of  correspond' 
ence.  If  otherwise  it  be  held,  that  notwithstanding  its  much 
shorter  existence,  a  dog  must  rank  above  a  tortoise  in  degree 
of  life,  because  of  its  superior  activity ;  then  it  is  implied-  that 
its  life  is  higher,  bocausa  its  simultaneous  and  successive 
changes  are  more  complex  and  more  rapid — because  the 
correspondence  is  greater.  And  since  we  regard  as  the  high- 
est life,  that  which,  like  our  own,  shows  groat  complexity  in 
the  correspondences,  greit  rapidity  in  the  succession  of  thorn, 
and  great  length  in  the  series  of  them ;  the  equivalence 
between  degree  of  Efe  and  degree  of  correspondfioce,  is  un- 
questionable. 

S  33.  In  further  elucidation  of  this  general  truth,  and 
especislly  in  explanation  of  the  irregularities  just  referred  to, 
it  requires  to  be  observed,  that  as  the  life  becomes  higher 
the  environment  itself  becomes  more  complex.  Though, 
literally,  the  environment  means  all  surrounding  space  with 
the  coexistences  and  soquencea  contained  in  it ;  yet,  practi- 
cally, it  often  means  but  a  small  part  of  this.  The  environ- 
ment of  an  entozoon,  can  scarcely  be  said  to  extend  beyond 
the  body  of  the  animal  in  which  the  entozoon  lives.  Tliat  of 
a  fresh-water  alga  is,  virtually,  limited  to  the  ditch  inhab- 
ited by  the  alga.  And  understanding  the  term  in  this  re- 
stricted sense,  we. shall  see  that  the  superior  organisms 
inhabit  the  more  complicated  environments. 

Thus,  contrasted  with  that  found  on  land,  the  lower  life  is 
that  found  la  the  sea;  and  it  has  tha  simpler  environment. 
Marine  creatures  are  affected  by  a  smaller  number  of  co- 
existences and  sequences  than  terrestrial  ones.  Being  very 
nearly  of  the  same  specifio  gravity  as  the  surrounding 
medium,  they  have  to  contend  with  less  various  mcc^l\n.'caRx\ 
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DsUona.     The  zoophyte  rooted  to  a  atono,  and  the  aralephsJ 
passlvclj  borne  along  in  tlio  current,  neod  to  undcrt^o  i 
intt-ruul  chaujrea  such  us  those  by  which  the  caterptUar  mix 
tho  varying  effecia  of  gravilatioo,  while  creeping  over  and  ' 
under  tho  Icuves.  Again,  tho  eea  b  liable  to  nan* 

of  tUoao  extreme  and  rapid  alterutious  of  temperature  which 
the  air  Buffers.  Night  and  day  produce  no  appreciable 
niodilicationa  in  it ;  and  it  is  comparatively  little  afii.'ctud  by 
the  sciisons.  Thus  its  contained  iauna  show  no  marked  coTw  I 
respondences  similar  to  those  by  which  air-breathing  crea^ 
turiM  counterbalance  thermal  changes.  Further,  in 

reapoct  to  tho  supply  of  nutriment  the  conditions  are  mora 
eimple.  TUe  lower  tribes  of  animals  inbabiting  tho  wnt«r, 
liko  tho  plants  inhabiting  the  air,  have  tliL'ir  food  broui^ht  to 
tliem.  The  same  current  which  brings  oxygen  to  tho  oyster, 
nlso  brings  it  the  microscopio  organ isma  on  which  it 
lives :  the  disint^igrating  matter  and  the  matter  to  be  int«- 
pnioi,  coexist  under  the  simplest  relation.  It  is  otherwise 
with  land  animals.  The  oxygen  la  ewrywhcre;  but  that 
which  is  needed  to  neutralize  its  action  ia  not  everywhere  :  it 
hod  to  be  sought ;  and  the  condttians  under  which  it  is  to  be 
obtained   are  more  or  leas  complex.  So  too  with 

tlinl  liquid  by  tho  agency  of  which  the  vital  processes  are 
oorried  on.  To  marine  croatnrcs,  water  is  ever  present,  and  by 
the  lowest  is  pas*ivi;ly  abiorbod  ;  but  to  most  creatures  liyitig 
on  the  earth  and  in  the  air,  it  U  made  available  only  through 
those  nervou-i  changes  conwtituting  perception,  and  those 
muscular  ones  by  which  drinking  is  c-Pectod.  Stmt 

larly,  tho  contrast  might  be  continued  with  respect  to  thftf 
electric  and  hygromotrio  vanations ;  and  the  gruater  tiiultt* 
plioily  of  optieal  and  ocouitie  phenomena  with  which  ter* 
restrial  tiie  is  surnjundcd.     And  tracing  upwards  from  tho 
amphibia  tho  widening  extent  and  cumpUxity  which  the 
environment,  a*  pracUiMlly   considcnxl,  ouuiDet— oliatirtiDg  i 
furthtT  how  increiwing  hotorogoneily  in  the  flora  and  rmitM  I 
ot  tho  globe,  itocLfftrogrowively  compUcatea  tba  eannwmai 
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of  each  species  of  organism — it  might  finally  be  shown  that 
the  same  general  truth  is  displayed  in  the  history  of  mankind : 
whose  advance  in  civilization  has  been  simultaneous  with 
their  advance  from  the  less  varied  requirements  of  the  torrid 
zone  to  the  more  varied  requirements  of  the  temperate  zone^ 
whose  chief  steps  have  been  made  in  regions  presenting  a 
complicated  physical  geography  ;  and  who,  in  the  course  of 
their  progress,  have  been  adding  to  their  physical  environ- 
ment a  social  environment  that  has  been  growing  even  more 
involved.  Thus,  speaking  generally,  it  is  clear  that  those  re- 
lations in  the  environment  to  which  relations  in  the  organism 
must  correspond,  them.selvP3  increase  in  number  and  intricacy 
as  the  life  assumes  a  higher  form. 

fS  34.  To  make  yet  more  manifest  the  fact,  that  the  degree 
of  life  varies  as  the  degree  of  correspondence,  I  may  here 
point  out,  that  those  other  distinctions  successively  noted 
when  contrasting  vital  changes  with  non- vital  changes,  are 
all  implied   in    this   last  distinction — their   correspondence 
with  external  coexistences  and  sequences.     And  to  this  may 
be  added  the  supplementary  fact,  that  the  increasing  fulfil- 
ment of  those  other  distinctions  which  we  found  to  accompany 
increasing  life,  is  involved  in  the  increasing  fulfilment  of  this 
last  distinction.     To  descend  to  particulars : — We  saw  that 
living  organisms  are  characterized  by  successive  changes ; 
and  that  as  the  life  becomes  higher,  the  successive  changes 
become  more  numerous.     Well,  the  environypfiTif;  ia  full  ^f 
successive  changes,   both    positive   and  relative ;    and  tho 
grester  the  correspondence,  the  greater  the  number  of  sue- 
cessive  changes  an  organism  must  display.     We  saw  that  lifo 
presents  simultaneous  changes ;  and  that  the  more  elevated 
it  is,  the   more   marked   the  multiplicity  o?^tEem~Well, 
tesidScountless  phenomena  of  coexistence  in  the  environ- 
ment, there  are  often  many  changes  occurring  in  it  at  the 
same  moment ;  and  hence  increased  correspondence  with  it, 
ftup^v/sos  an  increased  display  of  simultaneous  changes  in  the 
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orspinism.  Similarly  with  the  heterogeneity  of  the  chanj) 
111  the  environment  the  relutiona  aro  very  varied  in  their 
kinds :  and  hence,  as  the  orgituic  actions  come  more  and  more 
into  correspond  on  CO  with  them,  tliey  also  must  become  very 
jvaried  in  their  kinds.  So  a^ain  is  it.  even  with  definSteui.-^ 
of  combination.  For  though  tho  inorganic  bodiea  of  which 
the  environment  maiAly  consists,  do  not  pre.tcnt  definitely- 
oanibined  changes,  yet  they  present  delinitely-combined 
properties  ;  and  though  the  minor  meteorologic  variations  of 
tho  eQ\ironment,  do  not  show  much  definiten  ess  of  combination, 
yet  those  resulting  from  day  and  night  and  tho  seasons  do. 
Add  to  which,  that  as  the  environment  of  each  organiKm 
comprehends  all  those  other  organisms  existing  within  its 
sphere  of  life — as  the  most  important  and  most  numerous 
eorrounding  changes  with  which  each  animal  ha^  to  doul, 
are  the  dolinitely-combinod  changta  exhibited  by  other 
animals,  whether  proy  or  enomios ;  it  reaulta  that  deSnitene&s 
ci  combination  is  a  genurul  charaetoristtc  of  the  extem,'il 
changes  with  which  internal  ones  have  to  correspond.  Ilonco, 
inoreaso  of  correspondence  involves  incrossixl  definiteness  of 
onmbination.  So  that  throughout,  the  correspondence  of 
the  internal  relations  with  the  external  ones,  is  the  esaonliji 
thing ;  and  alt  the  special  characteristics  of  the  internal 
relatious,  are  but  the  collateral  results  of  this  correspondence. 

I  35.  As  ftfTording  tho  aimplost  and  most  conclusive  proof 
that  the  de^^roo  of  life  varies  us  the  decree  of  correapou donee, 
h  remains  to  point  out  that  perfect  corrospondenco  woidd  be 
|>orri>cl  life  Wore  there  no  changcm  in  the  onvironmrnt  but 
auch  as  tho  organism  hiid  adapted  changes  to  meet ;  and  were 
it  never  lo  fail  in  the  viEiuicncy  with  which  it  met  them ;  thi-ro 
Tould  be  eternal  uxUteuco  and  univ(.irstil  knowledge.  Dc.ith 
by  luituriil  decay,  occurs  because  in  old  agv  tho  n-latioTi*  bt- 
tween  assimilation,  oxidation,  and  genesis  of  force  going  on 
in  the  organism,  gradually  fall  outof  oorres|>ondenco  with  tho 
rdaliou  betwc-cn  oxyt^n  and  food  ojul  absorption  of  heut  bv 
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the  environment.  Death  from  disease,  arises  either  when  the 
organism  is  congenitally  defective  in  its  power  to  balance  the 
ordinary  external  actions  by  the  ordinary  internal  actions,  or 
when  there  has  taken  place  some  unusual  external  action  to 
which  there  was  no  answering  internal  action.  Death  by 
accident,  implies  some  neighbouring  mechanical  changes  of 
which  the  causes  are  either  imobserved  from  inattention,  or 
are  so  intricate  that  their  results  cannot  be  foreseen ;  and 
consequently  certain  relations  in  the  organism  are  not  adjusted 
to  the  relations  in  the  environment.  Manifestly,  if,  to  every 
outer  coexistence  and  sequence  by  which  it  was  ever  in  any 
degree  affected,  the  organism  presented  an  answering  process 
or  act ;  the  simultaneous  changes  would  be  indefinitely  nu* 
merous  and  complex,  and  the  successive  ones  endless — ^the 
correspondence  would  be  the  greatest  conceivable,  and  the 
life  the  highest  conceivable,  both  in  degree  and  in  length. 

I  36.  Before  closing  the  chapter,  it  will  be  useful  to 
compare  the  definition  of  Life  here  set  forth,  with  the  defini- 
tion of  Evolution  set  forth  in  First  Principles.  Living 
bodies  being  bodies  which  display  in  the  highest  degree  the 
structural  changes  constituting  Evolution;  and  Life  being 
made  up  of  the  functional  changes  that  accompany  these 
structural  changes ;  we  ought  to  find  a  certain  harmony 
between  the  definitions  of  Evolution  and  of  Life.  Such  a 
harmony  is  not  wantincr. 

The  lirst  distinction  we  noted  between  the  kind  of  chango 
shown  in  Life,  and  other  kinds  of  change,  was  its  serial 
character :  we  saw  that  vital  change  is  substantially  unlike 
non- vital  change,  in  being  made  up. of  successive  changes. 
Now  since  organic  bodies  display  in  so  much  higher  a  de- 
gree than  inorganic  bodies,  those  continuous  differentiations 
and  integrations  which  constitute  Evolution ;  and  since  the 
re-distributions  of  matter  thus  carried  so  far  in  a  compara- 
tively short  period,  imply  concomitant  re-distributions  of  mo- 
tiim ;  it  is  clear  that  in  a  given  time,  organic  bodies  must 
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cndergo  cliangei  ao  comparatively  numerous  aa  to  render  the 
Bucceaaiveiiess  of  their  chnnges  k  marked  chEirnclcristic.  And 
it  will  follow  a  priori,  as  v/c  found  it  to  do  d  poslrriori,  tb&t 
the  or^aniains  exhibiting  Evolution  in  the  highest  dogrea, 
exhibit  the  longest  or  tho  most  rupid  eucccssiuns  of  changes, 
«r  both.  Again,  it  nas  shown  that  vitul  chtinge^ 

diatinguiahed  from  non-vital  change  by  being  mado  up  of 
many  timuUanfoun  changes  ;  and  utso  that  crcaturea  poaBoas- 
ing  high  vitality  are  marked  off  from  those  possoHUlgJlgE 
vitality,  liy  the  fur  greater  number  of  their,  emiultaucoiu 
_^aDgea.  Ilero  too  there  ia  entire  congruity.  In  Firti 
PriaciplcB,  %  116,  we  reached  tbo  conclusion,  that  a  force 
£dling  on  any  aggregate  is  dividcil  into  several  forces  ^  tliat 
when  the  aggregate  consists  of  parts  that  are  unlike,  each 
put  becomes  a  ceutr^  of  unlike  differentiations  of  the  inci- 
dent force ;  and  that  thus  the  multiplicity  of  such  difli-'ren- 
titttiona  must  increase  with  the  multiplicity  of  the  unlike 
parts.  It  follows  necessarily,  therefore,  that  organic  aggrw 
gatos,  which  as  a  class  are  distinguished  from  inorganio 
aggrogiitc*  by  the  greater  number  of  their  unlike  parts,  must 
be  also  distinguished  from  them  by  the  greater  number  of 
nmultancous  changes  they  display ;  and  further  that  tho 
higher  organic  aggregates,  having  more  numerous  unlike 
part*  than  the  lower,  must  undergo  more  numerous  simul- 
taneouB  changes.  Wo  next  found  that  the  changes 

occurring  in  living  bodies,  are  contrasted  with  those  occnrrin)f 
in  other  bodies,  oa  being  much  more  ktteropenewa ;  and  that 
thfl  changes  occurring  in  the  superior  living  bodies,  are 
similarly  contracted  with  those  occurring  in  inferior  onett. 
Well,  heterogeneity  of  function  is  the  correlate  sf  hetero- 
genotty  of  ntruoturo;  and  beterogcnoily  of  structure  is  the 
lesMling  distinction  between  organic  and  inorganic  aggro* 
gates,  OS  well  as  betwoeo  the  more  highly  organised  and  the 
e  lowly  orgunixcd.  By  reaction,  an  incident  forco  must 
be  randtrod  multiform  in  proportion  to  the  multiformity  'if 
Ibe  aggregate  <m  which  it  Jails;  and  hence  those  most  mul- 
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itorm  aggregates  whicli  display  in  the  Ughest  degree  the 
phenomena  of  Evolution  structurally  considered,  must  at  the 
same  time  be  aggregates  which  display  in  the  highest  de- 
gree the  multiform  actions  which  constitute  Evolution 
functionally  considered.  These  heterogeneous  changes, 

exhibited  simultaneously  and  in  succession  by  a  living  or- 
ganism, prove,  on  further  inquiry,  to  be  distinguished  by 
their  combination  from  certain  non-vital  changes  which 
simulate  them.  Here,  too,  the  parallelism  is  maintained. 
It  was  shown  in  §  56  of  jFVr«^  Principles,  that  an  essential 
characteristic  of  Evolution  is  the  integration  of  partes,  which 
accompanies  their  differentiation — an  integration  that  ia 
shown  both  in  the  consolidation  of  each  part,  and  in  the 
consolidation  of  all  the  parts  into  a  whole.  Now,  manifestly, 
combination  among  the  changes  going  on  in  different  com- 
bined parts,  must  be  proportionate  to  the  degree  of  com- 
bination among  these  parts :  the  more  mutually-dependent 
the  parts,  the  more  mutually-dependent  must  be  their 
actiona  Hence,  animate  bodies  having  greater  co-ordin- 
ation of  parts  than  inanimate  ones,  must  exhibit  greater 
oo-ordination  of  changes.  And  this  greater  co-ordination  of 
their  changes  must  not  only  distinguish  organic  from  inor- 
ganic aggregates  ;  but  must,  for  the  same  reason,  distinguish 
higher  organisms  from  lower  ones,  as  we  found  that  it 
did.  Tet  once  more,  it  was  pointed  out  that  the 

changes  constituting  Life,  differ  from  other  changes  in  the 
definitenesB  of  their  combination ;  and  that  a  distinction  like  in 
kind,  though  less  in  degree,  holds  between  the  vital  changes 
of  superior  creatures  and  those  of  inferior  creatures.  These, 
also,  are  contrasts  in  harmony  with  the  contrasts  disclosed  by 
the  analysis  of  Evolution.  We  saw  {First  Principles,  §§  64, 
65)  that  during  Evolution,  there  is  an  increase  of  definiteness 
as  well  as  an  increase  of  heterogeneity.  We  saw  that  the 
integration  accompanying  differentiation,  has  necessarily  the 
effect  of  increasing  the  distinctness  with  which  the  parts  are 
marked  off  from  each  other ;  and  that  so,  out  of  the  inoo- 
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hercnt  and  indefinite,  there  arises  the  coherent  and  definite^ 
But  n  coherent  whole  made  up  of  definite  parts  delinit«Iy 
combined,  mast  exhibit  more  definitely  combined  chuiigoa 
than  a  whole  made  up  of  parts  that  are  neither  deSnite  in 
themselves  nor  in  their  combination.  Hence,  if  living  bodies 
display  more  than  other  bodies  this  structural  definiwnesa, 
then,  definitcDcu  of  combination  must  be  a  characteristic  of 
the  changes  constituting  Life  ;  and  must  also  distinguish  the 
vital  ohangea  of  higher  organisms  from  those  of  lower  organ- 
ianu.  Finally,  however,  wo  discovered  that  oil  thcso 

poculuirittea  are  subordinate  to  the  ons  fundamental  pecu- 
liari^,  that  vital  changes  take  place  in  correspondence  with 
urtcmal  co-existences  and  sequences  ;  and  that  the  highest 
possible  Life  is  reached,  when  there  ia  some  inner  relation  of 
actions  fitted  to  meet  every  outer  lelation  of  actions  by 
which  the  organism  can  be  aSectcd.  But  this  conception  of 
the  highest  possible  Life,  is  in  perfect  harmony  with  the  con- 
ception, before  amvcd  at,  of  the  ultimate  limit  of  Evolution. 
'When  treating  of  equilibration  as  exhibited  in  organic 
phenomena  {J-Snt  Printipirt,  \%  133,  134),  it  was  pointed 
out,  that  the  continual  tendency  is  towards  the  establishment 
of  »  balonco  between  inner  and  outer  changes.  It  was 
■hown  that  "  the  final  structural  arrangements  must  be  such 
W  will  meet  all  the  forct>«  acting  on  the  aggregate,  by 
equivalent  antagonistio  forces,"  and  that  "  the  maintenance 
of  such  a  moving  tHiuilibrium"  as  an  organism  displays, 
"  requires  the  habitual  genesis  of  internal  forces  corrcsjxinil- 
ing  in  number,  diroctions,  and  amounts,  to  the  exu-mul 
incident  forces — a*  many  inner  functions,  single  or  com- 
binpd,  as  there  are  single  or  combined  ont«r  actions  to  bo 
net."  It  was  shown,  loo,  that  the  relations  among  ooncep. 
tions  and  ideas,  are  aver  in  progrCM  towards  a  better  balance 
botwTVD  ntejital  actions  and  those  actions  in  the  environment 
to  which  conduct  must  bo  adjusted.  So  that  that  mnin- 
tenanco  of  a  oorrmpondenco  between  inner  and  outer  rela- 
ttODs,  which  we  have  hwo  fcuod  to  oonsUtate  Life,  and  tba 
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perfection  of  -which  ia  the  perfection  of  Life,  answers  com. 
pletely  to  that  state  of  organic  moving  equilibrium  whioli 
ve  saw  uisea  in  the  course  of  Evolution,  and  tends  ever  to 
become  more  complete. 

There  is  much  significance  in  this  complete  pftraHelism. 
That  two  inquiries  starting  from  different  points  and  carried 
on  in  different  ways,  should  lead  to  conclusions  so  entirely 
harmonizing  with  each  other,  cannot  fail  further  to  coiifinn 
these  oboclublooa ;  if  further  ooulumation  of  them  be  needed. 


CHAPTKK  VU. 


TUE   SCOPE   OF   SIOLOOT. 


%  37.  We  are  now  in  k  position  to  map-oot  the  boon^riei 
.   hnd  divisions  of  our  subject.     Grouping  together  the  geiiifralil 

lllta  «rrivfd  at  in  the  first  three  chapters,  and  joining  with 
a  the  results  which  the  Ust  three  chapters  hare  bnmglil  us 
V  shall  be  prepared  to  comprehend  the  science  of  Hiology 
SB  a  whole ;  and  to  see  how  its  truths  may  best  be  cluwititil. 

In  tho  chapter*  trenling  of  Organic  Matter,  the  Actions  of 
Forces  on  it,  and  its  llotictions  on  Forces,  the  generalizations 
roochod  were  these  : — that  organic  matter  it  specially  st'iin*  ■ 
live  to  surrounding  agencies ;  that  in  con§equeQc«  of  t' 
extreme  instability  of  the  compounda  it  contains,  minute  di» 
turbtuioes  can  cause  in  it  large  amounts  of  re-dintribuiion ; 
and  that  during  the  full  of  its  tuuttibly-arronged  atoms  into 
stable  arrangements,  there  aro  givun  out  proportionately 
largo  amounts  of  motion.  Wo  saw  that  organic  matter  is  so 
constituted,  that  small  incident  actions  aro  capable  of  iriitiut- 
ing  grettt  reactions — setting  np  extensive  slruoturol  modifica- 
tions, and  liberating  large  ({uautttics  of  power.  In 
tlie  chapters  just  concluded,  the  chan^  of  which  Life  ia 
mode  up,  were  shown  to  be  so  adjusted  as  to  balanco  outer 
changes.  And  tho  general  proc<^cs  of  tho  adjuatiucnt  wa 
found  naolves  itself  into  this ;  that  if  in  the  environment 
liu!i«  are  any  ndalud  ueliuus,  A  uud  U,  hy  which  tUa  o^ 
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ganism  is  affected,  then  if  A  produces  in  the  organism  some 
change  a,  there  follows  in  the  organism  some  change  b,  fitted 
in  time,  direction,  and  amount  to  meet  the  action  B — a 
change  which  is  often  required  to  be  much  larger  than  its 
antecedent.  Mark,  now,  the  relation  between  these 

two  final  results.  On  the  one  hand,  for  the  maintenance  of 
that  correspondence  between  inner  and  outer  actions  which 
constitutes  Life,  an  organism  must  be  susceptible  to  small 
changes  from  small  external  forces  (as  in  sensation),  and  must 
be  able  to  initiate  large  changes  in  opposition  to  large  external 
forces  (as  in  muscular  action).  On  the  other  hand,  organic 
matter  is  at  once  extremely  sensitive  to  disturbing  agencies 
of  all  kinds,  and  is  capable  of  suddenly  evolving  motion  in 
great  amounts.  That  is  to  say,  the  constitution  of  organic 
matter  specially  adapts  it  to  receive  and  produce  the  internal 
changes  required  to  balance  external  changes. 

This  being  the  general  character  of  the  vital  Functions^ 
and  of  the  Matter  in  which  they  are  performed,  the  science 
of  Biology  becomes  an  account  of  all  the  phenomena  attend- 
ant on  the  performance  of  such  Functions  by  such  Matter-— 
an  account  of  all  the  conditions,  concomitants,  and  conse- 
quences, under  the  various  circumstances  fallen  into  by  living 
bodies.  If  all  the  functional  phenomena  which  living  bodies 
present,  are,  as  we  have  concluded,  incidents  in  the  main- 
tenance of  a  correspondence  between  inner  and  outer  ac- 
tions; and  if  all  the  structural  phenomena  which  living 
bodies  present,  are  direct  or  indirect  concomitants  of  func- 
tional phenomena ;  then  the  entire  Science  of  Life,  must  con- 
sist in  a  detailed  interpretation  of  all  these  functional  and 
structural  phenomena  in  their  relations  to  the  phenomena  of 
the  environment.  Immediately  or  mediately,  proximately 
or  remotely,  every  trait  exhibited  by  organic  bodies,  as 
distinguished  from  inorganic  bodies,  must  be  referable  to 
this  continuous  adjustment  between  their  actions  and  the 
actions  going  on  around  them.  Such  being  the  extent  and 
nature  of  our  subject-matter,  it  may  be  thus  divided. 
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1.  An  account  of  tho  structural  phenomena  presented 
organittras.     And  tliiB  eubdivides  into  : — 

a.  The  structural  phenomena  presented  by  individual 
organisms. 

b.  Tho  structural  phenomena  prcscntod  hy  sacceesiong 
of  organisms. 

2.  An  account  of  tho  functional  phenomena  which  or- 
gnn  isms  present.  And  this,  too,  admits  of  sub-division  into:— 

a.  Tho  functional  phenomena  of  individual  organisms. 

b.  Tho  functional  phenomena  of  successions  of  organiama. 

3.  An  account  of  the  actions  of  Structure  on  Function, 
and  iha  rc-aclions  of  Function  on  Structure.  And  like  the 
others,  this  is  divisible  into : — 

a.  Tho  octiouB  and  re-octious  as  exhibited  in  iadi' 
organisms. 

b,  Tho  actions  and  ro-actions  as  exbibited  in  sni 
of  organiami 

4.  An  account  of  tho  phenomena  attending  the  production 
of  BUOoeaaioDS  of  organisms :  in  other  words — the  phenomena 
of  Oonuii. 

Ther«  is,  indeed,  another  mode  of  grouping  the  facta  of 
Biology,  with  which  all  are  familiar.  According  as  they 
ar«  facts  of  animal  or  vegetal  life,  they  may  be  classed 
under  the  heads  of  Zoology  and  Botany,  But  this  di- 
yision,  though  convenient  and  indeed  necessary  for  practi- 
cal porposoB,  is  one  that  docs  not  hero  concern  ua.  Dealing 
with  organic  structures  and  functions  in  connexioD  with 
their  causes,  oondilions,  concomitonts,  and  consequences. 
Biology  cannot  divide  itself  into  Animal-Biology  and  Vege- 
tal* Biolugy ;  siuoo  the  enmu  fundamental  Glasses  of  phe- 
nomena are  common  to  both.  Ilocogniising  this  familiar 
diatinctioQ  only  as  much  as  convenience  obligea  us  to  dti,  lot 
tu  now  pa«8  on  to  consider,  more  in  detail,  the  elueeificaticia 
of  biologic  phenomena,  above  set  down  in  its  leading  outlines. 

I  rig.     Tho   fucu  of  vtructuro  which  an  individual  at- 
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guDism  exhibits,  are  of  two  chief  kinda.  In  order  of  con- 
Bpicuouaness,  though  not  in  order  of  time,  there  come  first 
those  ultimate  arr«iigemenl«  of  part*  which  characterize  iha 
orji^iniHm  in  ita  mature  state — au  account  of  which,  commonly 
culled  Anatomy,  ia  more  properly  called  Morphology.  And 
second,  there  come  those  successive  modifications  through 
which  the  organism  passes  in  its  development  from  the  genu 
to  the  adult  form — an  account  of  which  is  called  Embryology. 

The  &ct8  of  structure  which  any  succeasion.  of  mdividual 
organisms  exhibit^  admit  of  similar  classificatioii.  On  the 
one  hand,  we  have  those  inner  and  outer  diffisrences  of  shape, 
that  are  liable  to  arise  between  the  adult  members  of  suo- 
cossiTe  generations  descended  from  a  common  stock — differ- 
ences which,  though  usually  not  marked  between  adjacent 
generations,  may  in  course  of  many  generations  become  great. 
And  on  the  other  hand,  we  hare  those  developmental  modi- 
fications through  which  such  modifications  of  the  descended 
forms  are  reached. 

The  interpretation  of  structure,  as  cxhilnted  in  individual 
organisms  and  successions  of  organisms,  is  aided  by  two  suV 
Bidiary  divisions  of  biologic  inquiry,  named  Comparative 
Anatomy  {properly  Comparative  Morphology)  and  Compara- 
tive Embiyology.  These  cannot  properly  be  regarded  as  in 
themselves  parts  of  Biology  ;  since  the  facta  embraced  under 
them  are  not  eubslantive  phenomena,  hut  are  simply  inci- 
dental to  subsfantive  phenomena.  All  the  facts  of  structural 
Biology  are  comprehended  under  the  two  foregoing  sub- 
divisions ;  and  the  comparison  of  these  facts  as  presented 
in  different  classes  of  organisms,  is  simply  a  mdbod  of  inter- 
preting the  real  relations  and  dependencies  of  the  facta 
compared. 

Nevertheless,  though  Comparative  Morphology  and  Corn* 
|jaralive  Embryology  do  not  disclose  additional  series  of  con- 
crete or  ^cial  facts,  they  lead  to  the  establishment  of  certain 
abstract  or  general  facts.  By  them  it  is  made  manifest  that 
tuulemeath  the  superficial  diflerences  of  groups  and  Hbwwm 


m 


TUB   DATA  OP   BIOUJOT. 


and  typos  of  organisms,  tliere  aro  Liddea  futidamentul  simi-  ' 
larities  ;  and  that  the  courses  of  development  in  auch  group! 
aiid  clussoa  and  types,  though  m  many  respects  divergent, 
are  in  soiuo  eeaential  respecla,  coincident.  Tho  wide  truths 
thna  disclosed,  come  under  tho  heads  of  General  Alurpliologjr 
»nd  QouonJ  Embryology. 

)iy  contrasting  the  structures  of  organisms,  Uiere  is  also 
dctiievcd  tliat  grouping  of  the  like  and  separation  of  the 
unlike,  called  Class iiica lion.  First  hy  observation  of  ex- 
tomal  characters  ;  second  by  observation  of  lutornal  cbarao- 
tors ;  and  third  by  obserration  of  tho  phases  of  development ; 
it  is  ascertained  what  orgiinisma  are  most  similar  in  nil 
fiarliculare ;  what  organisms  are  lite  each  other  in  every 
important  attribute  ;  what  organisms  hare  coniition  primor* 
dial  characters.  Whence  there  finally  results  such  an  ar- 
rungcuient  of  organiama,  that  if  certain  structural  attributag 
i>f  any  one  be  given,  it«  other  structurnl  attributes  may  be 
empiricafty  predicted ;  and  which  prepares  tho  w«y  for  that 
iuteq) relation  of  their  relations  and  gt-uesis,  which  forms  «n 
important  part  of  ratiQiial  Biology. 


%  39.  Tho  second  main  division  of  Biology,  above  dfr- 
acribed  as  embracing  ihu  functional  phenomena  of  organisms, 
is  that  which  ia  in  part  signified  by  Physiology  :  the  remain- 
der being  what  we  distinguish  as  Psychology.  Both  of 
these  fall  into  eubdiviaiuna  that  may  best  be  treated  scpar- 
aloly.  That  part  of  i'hysiology  which  is  concomod 

with  tho  molecular  changes  going  on  in  organisms,  is  known 
M  Organic  Chemintry.  An  account  of  the  modes  in  whidi  th« 
force  generated  in  organisms  by  chemical  change,  is  trans- 
formed  inlo  othfr  forced,  and  made  to  worlc  the  varions  or* 
gans  that  carry  on  the  functions  of  Life,  comes  under  tha 
htwl  of  Organic  PhyMcs.  Psychology,  which  (■ 

mainly  ooncfnicd  with  the  adjustment  of  vilal  actions  to 
actions  in  tho  enviionracnt  (in  contrast  with  Physiology, 
which  is  tuniiily  couccmcd   with  vital  actions  B{>art  from 
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aotionfl  in  the  environment)  consists  of  two  quite  distinct  por* 
tions.  Objective  Psychology  deals  with  those  functions  of  the 
nervo-muscular  apparatus  by  which  such  organisms  as  possess 
it,  are  enabled  to  adjust  inner  to  outer  relations ;  and  includes 
slso,  the  study  of  the  same  functions  as  externally  manifested 
in  conduct.  Subjective  Psychology  deals  with  the  sensation^ 
perceptions,  ideas,  emotions,  and  volitions  that  are  the  direct 
or  indirect  concomitants  of  this  visible  adjustment  of  inner  to 
outer  relations — considers  these  several  kinds  of  conscious* 
ness  in  their  genesis,  and  their  connexions  of  co-existence  and 
succession.  Consciousness  under  its  different  modes  and 
forms,  being  a  subject-matter  radically  distinct  in  nature  from 
the  subject-matter  of  Biology  in  general ;  and  the  method  of 
self-analysis,  by  which  alone  the  laws  of  dependence  among 
changes  of  consciousness  can  be  foujid,  being  a  method  un- 
paralleled by  anything  in  the  rest  of  Biology;  we  are 
obliged  to  regard  Subjective  Psychology  as  a  separate  study 
—-not  absolutely,  of  course,  but  relatively  to  the  mind  of  each 
student.  And  since  it  would  be  very  inconvenient  to  dis* 
sociate  Objective  Psychology  from  Subjective  Psychology,  we 
are  practically  compelled  to  deal  with  the  two  as  forming  an 
independent  sub-science,  to  be  treated  apart  from  the  lower 
divisions  of  Biology. 

Obviously,  the  functional  phenomena  presented  in  succes- 
sions of  organisms,  similarly  divide  into  physiological  and 
psychologicaL  Under  the  physiological,  come  the 

modifications  of  bodily  actions  that  arise  in  the  course  of 
generations,  as  concomitants  of  structural  modifications ;  and 
these  may  be  modifications,  qualitative  or  quantitative,  in 
the  molecular  changes  classed  as  chemical,  or  in  the  organic 
actions  classed  as  physical,  or  in  both.  Under  the 

psychological,  come  the  qualitative  and  quantitative  modifica- 
tions of  instincts,  feelings,  conceptions,  and  mental  changes 
in  general,  that  occur  in  creatures  having  more  or  less 
intelligence,  when  certain  of  their  conditions  are  changed* 
Thisy  like  the  preceding  department  of  Psychology,  has  io 


I 


intly, 


tbe  ab«tract  two  difTcrent  aspects — tbe  objective  and  tbe  Bub* 
jcctive.  Practically,  However,  the  objective,  whicb  deala 
with  thesb  mcntiil  luodifications  as  exhibited  in  tbe  cbaugiiig 
habits  u»d  abilities  of  successive  generations  of  creatures,  is 
the  only  one  that  admita  of  Bcicntilic  investigation ;  since  tho 
corresponding  olterutiona  in  consciousness,  cannot  be  im* 
ini?diat<-ly  known  to  any  but  the  subjects  of  them.  Evidently) 
oonvetiiunce  requireana  to  class  this  part  of  Psychology  aloi 
with  the  other  parts,  in  a  distinct  sub-science. 

Light  is  thrown  on  functions,  aa  well  as  on  structi 
by  comparing  organisms  of  different  kinds.  Comparatii 
Physiology  and  Comparative  Psychology,  arc  thi 
given  to  those  coUcclious  of  facts  respecting  Uie  hnmoloj 
Knd  analogies,  bodily  and  mental,  that  are  brou^'lit  to  light 
this  kind  of  inquiry.  Those  classified  observations  concera- 
iiig  likenesses  and  differences  of  functions,  are  helpers  to 
interi>ret  functions  tn  their  essential  natures  and  relations. 
Hvnue  Compamlivti  Physiology  and  Comparative  Psychology 
ttre  naucs  of  methods,  rather  than  names  of  true  subdiviaiona 
of  Biology. 

Here,  however,  as  before,  the  comparison  of  special  tnilh^ 
besides  facilitating  their  interpretation,  brings  to  light  ccHaia 
general  truths.  Contrasting  bodily  and  mental  functions  St 
exhibited  in  various  orders  of  organisms,  shows  that  thor« 
exists,  moro  or  less  extensively,  a  community  of  proc^eaoa 
■od  methods.  Hence  result  two  groups  of  abstract  proposi- 
tions, coDstituting  General  Physiology  and  Genurul  Pay* 
ehol<)gy. 

I  40.  In  thcM  various  divisions  and  Bub-divisions  of  iho 
firat  two  great  departments  of  Itiology,  the  phimomcnn  of 
Btruclure  aro  considered  separately  from  the  phenomc-na  of 
Function,  so  far  as  separate  treatment  of  them  is  possible, 
Tlie  third  great  di-partment  of  Biology  dfals  with  Uicra  in 
tlunr  OMOosary  connexions.     It  comprehends  the  detcrmfa 
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•tun  of  ioacticau  "by  tractates,  and  the  detennination  ul 
■tnictures  by  functions. 

As  displayed  in  individoal  organisms,  the  action  of  struo- 
tiire«  on  functions  is  to  be  studied,  not  only  in  the  broad  and 
familiar  fact  that  the  general  kind  of  life  an  oi^anism  leads 
is  necessitated  by  the  mun  characters  of  its  organisation, 
but  in  the  more  special  and  less  conspicuous  fact,  that  between 
members  of  the  same  species,  minor  differences  of  stmctnre  lead 
to  minor  differences  of  power  to  perfonn  certain  kindsof  action, 
and  of  tendency  to  perform  such  kinds  of  action.  Con- 

versely, under  the  re-actions  of  function  on  structure  as 
displayed  in  individaal  organisms,  come  the  facta  showing 
tiiat  functions,  when  fulfilled  to  their  normal  extents,  main- 
tain integrity  of  structure  in  their  respective  organs ;  and 
that  within  certain  limits,  the  increase  of  fanctions  is  followed 
by  such  structural  changes  in  their  respective  organs,  as 
enables  the  organs  to  discharge  better  their  extra  fimctions. 

Inquiry  into  the  action  of  structure  on  function  as  dis- 
played in  successions  of  organisms,  introduces  us  to  each 
phenomena  as  Mr  Darwin's  "  Origin  of  Species  "  deals  with. 
In  this  category  come  all  proa&  of  the  general  truth,  that 
when  an  individual  is  enabled  by  a  certain  structural  peca* 
liarity,  to  perform  better  than  others  of  its  q>ecie8  some 
advantageous  action ;  and  when  it  bequeaths  more  or  less  of 
its  structural  peculiarity  to  descendants,  among  whom  those 
which  have  it  most  markedly,  are  best  able  to  thrive  and 
propagate ;  there  arises  through  this  continuous  action  of 
structure  on  function,  a  visibly  modified  type  of  structure, 
having  a  more  or  less  distinct  function.  In  the  cor- 

relative class  of  facts,  which  come  under  the  category  of  re- 
actions of  function  on  structure  as  exhibited  in  successions  of 
organisms,  are  to  be  placed  all  those  modifications  of  struc- 
ture which  arise  in  races,  when  changes  of  conditions  entail 
changes  in  the  balance  of  their  functions.  Here  is  to-be 
atudied  the  way  in  which  altered  function  externally  n 
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tatod,  works,  by  re-action,  altered  Htructure ;  and  Tiowin  succeed-- 
iiig  ^ncrations,  tliU  altered  structure  may  be  oiude  continu* 
ally  more  marked  by  this  altered  function.  Though 

logically  distinct,  these  two  Bub-divisions  of  biologic  inquiry 
cannot  in  practice  be  carried  on  apart.  A  apeciiilily  of  struo> 
ture  which  leads  to  an  excess  of  function  in  any  direction, 
is,  by  the  perpetual  re-action  of  function,  rendered  ever  more 
decided.  A  speciality  of  function,  by  calling  forth  a  corre- 
sponding speciality  of  structure,  produces  an  increasingly 
edicient  discharge  of  such  function.  Whichever  of  the  two 
initiaifs  the  change,  there  goes  on  belwoen  them  an  uueeas' 
ing  action  and  re-ootioD,  producing  in  them  co- 
moditicatioos. 


I  uueea»r^^^^| 


S  41.  The  fourth  great  diviwon  of  Biology,  comprehend- 
ing the  phenomena  of  Qe&esia,  may  bo  conveniently  sopuruted 
into  three  sub-divisions. 

Under  the  first,  comes  a  description  of  all  the  special 
modes  whereby  the  multiplication  of  organisms  is  curried  on: 
which  mode*  range  themselves  under  the  two  chief  lietuls  oi 
sexual  and  asexuaL  An  account  of  Sexual  Multiplication  in- 
cludes the  Turioua  methods  by  which  germs  and  ova  are 
fcrtiiizc-d,  and  by  which,  aflf^r  fertilimtion,  they  iiro  fumiehcil 
with  the  muteriuls,  and  maintained  in  tho  comiilions,  needful 
for  their  development.  An  account  of  Ascxuul  Multiplica- 
tion includes  the  various  methods  by  which,  from  tho  some 
ferlilixod  gi'nn  or  ovum,  there  are  produced  many  organisms 
that  are  partially  or  totally  indrpv^dcnt  of  each  other. 

The  second  of  these  sub-di  visions  deals  with  the  phenomena 
of  Qenflos  in  the  abstract.  It  takes  fur  it«  sabject-mattcr,  such 
geoenl  qoestioits  as — What  is  the  end  subserved  by  the 
tmioD  of  sptrm-ecll  and  germ-cell  Y  AVhy  cannot  all  multi- 
plication bo  carried  on  after  tlte  asexual  method  P  What 
BT«  the  laws  of  hereditary  tnuEmissioa  f  What  are  tba 
cauMM  of  vaHation  ? 

The  tliird  sub-di\iaiou  is  devoted  to  still  more  abstract 
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aspects  of  the  phenomena.  Recognizing  the  general  facts  of 
multiplication,  without  reference  to  their  modes  or  immediate 
causes,  it  concerns  itself  simply  with  the  different  rates  of 
multiplication  in  different  kinds  of  organisms,  and  different 
individuals  of  the  same  kind.  Generalizing  the  numerous 
contrasts  and  variations  of  fertility,  it  seeks  a  rationale  of 
them  in  their  relations  to  other  organic  phenomena, 

S  42.  Such  appears  to  be  the  natural  arrangement  of 
divisions  and  sub-divisions  which  Biology  presents,  when  re- 
garded from  the  highest  point  of  view,  as  the  Science  of 
Life — the  science  which  has  for  its  subject-matter,  the  cor- 
respondence of  organic  relations,  with  the  relations  amid 
which  organisms  exist.  This,  however,  is  a  classification  of 
the  parts  of  Biology  when  fully  developed ;  rather  than  a 
classification  of  the  parts  of  Biology  as  it  now  stands. 
Several  of  the  sub-divisions  above  named  have  no  recognized 
existence ;  and  sundry  of  the  others  are  in  quite  rudimentary 
states.  It  is  therefore  impossible  now  to  fill  in,  even  in  the 
roughest  way,  more  than  a  part  of  the  outlines  here 
sketched. 

Our  course  of  inquiry  being  thus  in  great  measure  de- 
termined by  the  present  state  of  knowledge,  we  are  com- 
pelled to  follow  an  order  widely  different  from  this  ideal  one. 
It  will  be  necessary  first  to  give  an  account  of  those  empiri- 
cal generalizations  which  naturalists  and  physiologists  have 
established :  arranging  them  rather  with  a  view  to  facility 
of  comprehension  than  to  logical  sequence;  and  append- 
ing to  those  which  admit  of  it,  such  deductive  interpreta- 
tions as  First  Principles  furnish  us  with.  Having  done  this, 
we  shall  be  the  better  prepared  for  dealing  with  the  lend- 
ing truths  of  Biology,  in  connexion  with  the  doctrine  cf 
Evolution* 
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K  43.  Perhaps  the  widest  and  most  familiar  inductioi;  of 
Biology,  is  that  organisms  grow.  While,  however,  this  is  a 
characteristic  so  habitually  and  markedly  displayed  by  plants 
and  animals,  as  to  be  carelessly  thought  peculiar  to  them, 
it  is  really  not  so.  Under  appropriate  conditions,  increase  of 
size  takes  place  in  inorganic  aggregates,  as  well  as  in  organic 
^SS^S^^^-  Crystals  grow  ;  and  often  far  more  rapidly  than 
living  bodies.  Where  the  requisite  materials  are  supplied  in 
the  requisite  forms,  growth  may  be  witnessed  in  non-crystal- 
line masses:  instance  the  fungus-like  accumulation  of 
carbon  that  takes  place  on  the  wick  of  an  unsnujBfcd  candle. 
On  an  immensely  larger  scale,  we  have  growth  in  geologic 
formations :  the  slow  accumulation  of  deposited  sediment  into 
a  stratum,  is  not  distinguishable  from  growth  in  its  widest 
acceptation.  And  if  we  go  back  to  the  genesis  of  celestial 
bodies,  assuming  them  to  have  arisen  by  Evolution,  these, 
too,  must  have  gradually  passed  into  their  concrete  shapes 
through  processes  of  growth.  Growth  is  indeed  a  concomi- 
tant of  Evolution ;  and  if  Evolution  of  one  kind  or  other  ia 
universal,  growth  is  universal — imiversal,  that  is,  in  the 
sense  that  all  aggregates  display  it  in  some  way  at  somo 
period. 

The  essential  community  of  nature  between  organic 
growth  and  inorganic  growth^  is,  however^  most  clearly  «fe\i 
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on  ol)Ser*-ing  tliut  they  botli  result  m  tho  samo  way.  Thtf" 
ei^gre^tioQ  of  difibreat  kinds  of  detritus  from  cadi  Other, 
well  m  from  tho  water  carrying  them,  «nd  their  aggregation 
into  distinct  strata,  is  but  an  instance  of  a  anivcrsal  tend- 
oncy  towards  the  union  of  like  units  and  the  parting  of  un- 
like iinita  (First  Principks,  ^  123).  The  deposit  of  a  crj-slul 
from  a  solution,  is  a  dilferontiation  of  the  previously  mixed 
atoms ;  and  an  integration  of  one  class  of  atoms  into  a  solid 
body,  and  the  other  claas  into  a  liquid  solvent.  Is  not  the 
growth  of  an  organism  a  substantially  similar  process  f 
Around  a  plant  there  exist  certain  elements  that  are  like 
the  elements  whioli  form  its  substance ;  and  its  increase  of 
siKO  is  effected  by  mii*?"""^^  intpgptling  tbpnH  mirrounding 


like  clcmenta  with  jlfiplf      N'"''  dimi  tlif  t 
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ally  differ  in  this  re8i)ect  from  the  pl/ttit  or  the  crystal  Its 
food  is  a  portion  of  the  environing  matter,  that  cootoips  soma 
compound  atoms  like  some  of  tho  compound  atoms  constitnt- 
uTg  its  tJgauM;"  and  eUhcr"  iTirough  simple  imbibition  or 
through  digestion,  the  animal  eventually  integrates  with  it- 
■elf.  uniU  tiko  those  of  which  it  ia  b"itt  np-  *"d  leavea  behind 
the  milikg  units.  To  prevent  misconception,  it  may 

be  yttSi  to  point  out  that  growth,  aa  here  defined,  must  be 
diatingnished  from  certain  apparent  and  real  augmontatiom 
of  bulk  which  simulate  it.  Thus,  the  long,  white  potuto- 
shoota  tltrown  out  in  the  dark,  are  produced  at  the  exi>eii»>o 
of  tho  Bubntancca  wliich  tLo  tuber  contains :  they  illustrate 
nnt  the  accumulation  of  organic  matter,  but  simjtly  its  re- 
UTUigemeot  Certain  animal-embryos,  again,  during  their 
early  ttagM,  increase  considorably  in  size  without  a^iumil- 
atiug  any  aoUda  from  the  environment;  and  1  hey  do  thia 
by  absorbing  tho  surrounding  water.  Even  in  the  highivi 
orgnniftms,  u>t  in  children,  tliere  fti>pcurs  sometimee  to  ouour 
a  rapid  gain  in  dimensions,  tlmt  does  not  truly  moasare  the 
r^jdrd  '^"-"H*j  "f  nrjwinip!  maitor  -  bnt  \A  In  ptut  doe  to 
duDgea  aoaloKOiuto  tlioee  JDst  named.    Atteratiotisof  tbta 
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Idnd  must  not  be  confounded  with  that  px)wih,  propftrly  «q 
"called,  of  which  we  have  here  to  treatT 
—  The  next  general  tact  to  be  noted  respecting  organio 
growth,  is,  that  it  has  limits.  Here  there  appears  to  be  a 
distinction  between  organio  and  inorganic  growth  ;  but  this 
distinction  is  by  no  means  definite.  Though  that  aggrega- 
tion of  inanimate  matter  which  simple  attraction  produces, 
may  go  on  without  end  ;  yet  there  appears  to  be  an  end  to 
that  more  definite  kind  of  aggregation  which  results  from 
polar  attraction.  Difierent  elements  and  compounds,  habitu- 
ally  form  crystals  more  or  less  unlike  in  their  sizes ;  and  each 
ieems  to  have  a  size  that  is  not  usually  exceeded  without  a 
tendency  arising  to  form  new  crystals  rather  than  to  increase 
the  old.  On  looking  at  the  organic  kmgdom  as  a 

whole,  we  see  that  the  limits  between  which  growth  ranges, 
are  very  wide  apart.    At  the  one  extreme,  we  have  monads 
so  minute  as  to  be  rendered  but  imperfectly  visible  by  micro- 
scopes of  the  highest  power ;  and  at  the  other  extreme,  we 
have  trees  of  300  feet  high,  and  animals  of  100  feet  long. 
It  is  true  that  though  in  one  sense  this  contrast  may  be 
legitimately  drawn,  yet  in  another  sense  it  may  not ;  since 
these  largest  organisms  are  made  by  the  combination  of  units 
that  are  individually  like  the  smallest.     A  single  plant  of  the 
genus  Protococcus,  is  of  the  same  structure  as  one  of  the 
many  cells  united  together  to  form  the  thallus  of  some 
higher  Alga,  or  the  leaf  of  a  phsenogam.     Each  separate 
shoot    of   a    phsenogam   is    usually  the    bearer  of   many 
leaves.     And  a  tree  is  an  assemblage  of  numerous  united 
shoots.      One  of  these  great  teleophytes  is  thus  an  ag* 
gregate  of  aggregates  of  aggregates  of  units,  which  sever- 
ally  resemble  protophytes    in  their   sizes  and  structures; 
and  a  like  building  up  is  traceable  throughout  a  consider- 
able paH  of  the  animal  kingdom.     Even,  however,  when 
we  bear  in  mind  this  qualification,  and  make  our  com* 
parisons  between  organisms  of  the  same  degree  of  compo- 
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Htion,  we  still  find  the  limit  of  growUi  to  have  &  greaifc^ 
ron^.     The  funallest  brauched  flowering  plant  is  extremely 
inaignificant  by  the  aide  of  a  forest  tree ;  and  there  is  an 
enormous  diSerenco  in  bulk  between  the  least  and  the  great* 
eat  mammal.  But  on  comparing  members  of  the  suiiui 

species,  we  discover  the  limit  of  growth  to  be  much  less  vari- 
able. Among  the  Protozoa  and  Protophyta,  each  kind  has  a 
tolerably  coiiBtant  adult  size;  and  among  the  moat  complex 
organisms,  the  differences  between  thoae  of  tho  «ame  kind 
that  have  reached  matnntj^  are  nsanlly  not  Tery  great 
The  compound  plants  do,  indeed,  sometimes  present  marked 
contrnsta  between  stuuled^aad^  woU^gCQWn  iqijiyiduals ;  but 
the  higher  animals  diverge  but  inconsiderably  from  the 
average  staudarda  of  their  species. 

On  surveying  llio  facu  with  a  view  of  empirically  general- 
ising tho  causes  of  these  differences,  wo  are  eo^i  made  awars 
that  by  variously  combining  and  conflicting  with  each  other, 
these  causes  protluce  great  irregularities  of  result.  It  be- 
oomrs  manifest  that  no  one  of  them  can  bo  tmced  to  Its 
consequences,  unqualified  by  the  rest.  Hence  the  several 
statements  txintuinc-d  in  the  following  paragraphs,  must  be 
taken  as  subject  to  mutual  modification. 

Let  as  consider  first,  the  connexion  between  degree  of 
growth  and  complexity  of  structure.  This  connexion  being 
involved  with  many  others,  becomes  apparent  only  on  so 
averaging  the  comparisons,  as  to  eliminate  difference*  among 
the  rest.  Nor  doc«  it  hold  at  all  where  the  conditions  are 
radically  dissimilar;  as  between  plant«  and  animals.  Itut 
bearing  in  mind  these  qoaliliuttiona,  wo  shall  see  that 
orgtiniiatiop  hn*  a  detarmining  iafluenco  on  incroaae  of 
BiBSs.  Of  plants  tho  lowest,  classed  as  ThaUogens, 

nnutlly  attain  no  oousidomble  sixe.   Lichens,  Algni,  and  Fun- 
gi, count  among  their  numbers  hut  few  bulky  species :  the 
lorjiut,  such  as  c^^rtuiti  Algte  found  in  aiibirtie  sens,  not 
■erring    greatly   to    raise    the    average.     Though    amoi 
Aerogcna  there  are  eomc,  as  the  Tree-feme,  wUijI)  attain  ftf 
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oonsiderable  height,  the  majority  are  but  of  humble  growth. 
The  Endogens,  including  at  one  extreme  small  grasses  and 
at  the  other  tall  palms,  show  us  an  average  and  a  maximum 
greater  than  that  reached  by  the  Acrogens.  And  the  En- 
dogens  are  exceeded  by  the  Exogens ;  among  which  are 
found  the  monarchs  of  the  vegetal  kingdom.  Pass- 

ing to  animals,  we  meet  the  fact  that  the  size  attained  by 
Vertehrata  is  usually  much  greater  than  the  size  attained  by 
Invertehrata.  Of  invertebrate  animals  the  smallest,  classed 
as  Protozoa f  are  also  the  simplest;  and  the  largest,  be- 
longing io  the  Annulosa  and  Mollusca,  are  among  the  most 
complex  of  their  respective  types.  Of  vertebrate  animals 
we  see  that  the  greatest  are  Mammals ;  and  that  though, 
in  past  epochs,  there  were  reptiles  of  vast  bulk,  their  bulk 
did  not  equal  that  of  the  whale.  Between  reptiles  and 
birds,  and  between  land -vertebrates  and  aquatic  vertebrates, 
the  relation  does  not  hold :  the  conditions  of  existence  be- 
ing in  these  cases  widely  different.  But  among  fishes  as  a 
class,  and  among  reptiles  as  a  class,  it  is  observable  that, 
speaking  generally,  the  larger  species  are  framed  on  the 
higher  types.  The  critical  reader,  who  has  men- 

tally checked  these  statements  in  passing  them,  has  doubtless 
already  seen  that  this  relation  is  not  a  dependence  of  or-     • 
^nization  on  growth,  but  a  dependence  of  prowth  on  or-l^ 

inizationT  The  majority  of  Exogens  are  smaller  than  some 
Endogens ;  many  Endogens  are  exceeded  in  size  by  certain 
Acrogens;  and  even  among  Thallogens,  the  least  developed 
of  plants,  there  are  kinds  of  a  size  which  many  plants  of  the 
highest  order  do  not  reach.  Similarly  among  animals : 
there  are  plenty  of  Crustaceans  less  than  Actinim  ;  numerous 
zeptiles  are  smaller  than  some  fish ;  the  majority  of  mam- 
mals are  inferior  in  bulk  to  the  largest  reptiles ;  and  in  the 
contrast  between  a  mouse  and  a  well-grown  Medusa^  we  see  a 
creature  that  is  elevated  in  the  scale  of  organization,  ex- 
ceeded in  mass  by  one  that  is  extremely  degraded.  Clearly 
lhen«  it  cannot  be  held  that  high  organization  ishabitualljf 
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accompanied  by  great  aJze.  The  propoBition  hero  OIuBtrated 
is  the  convereo  one,  that  great  size  U  habitually  accompanied 
by  high  organization.  The  conspicuous  fuct  that  the  largest 
species  of  both  animals  and  vegetala  belong  to  the  highest 
classes ;  and  that  throughout  their  various  sub-classes  the 
higher  usually  contain  the  more  bulky  forms ;  shows  this 
connexion  as  clearly  as  we  can  expect  it  to  bo  shown,  amid 
BO  many  modifying  causes  and  conditions. 

The  relation  between  growth  and  supply  of  available 
nutriment^  ia  1«0  familiar  a  relation  to  need  proving.  There 
ore,  however,  some  aspects  of  it  that  must  be  contemplated  be- 
fore its  implications  can  be  fully  appreciated.  Among 
plants,  which  are  all  constantly  in  contact  with  the  gaseous, 
liquid,  and  solid  matters  to  be  incorporated  with  their  tissues  ; 
and  which,  in  tho  same  localily,  receive  not  very  unlike 
amounts  of  light  and  heat ;  differences  in  t)ie  supplies  of 
available  nutriment,  have  but  a  subordinate  connexion  witb 
dilTi^rcnces  of  growth.  Though  in  a  cluster  of  herbs  spring* 
ing  up  frem  the  seeds  let  fall  by  a  porent,  the  greater  size  of 
•ome  than  of  others  is  doubtless  due  jo  better  nutrition, 
eonaequent  on  accidental  advantai^  ;  yet  no  such  inter- 
pretation can  T>e  given  of  tlie  contrast  in  size  between  theae 
herbs  andi  an  adjacent  tree.  Other  conditions  here  come  into 
play;  one  of  the  most  important  probably  being,  an  abaenoe  in 
t^  (me  case,  and  pr(«en<'e  in  iln-  nihrr,  of  an  ability  to  se- 
crete  such  a  quantity  i',  '  •  will  prpdncc  a  stem 
rapablo    of    support  in-                                'i.  Among 

■nimals,    however,   nlut.:.    , ., ^    s^ine  Entozoa)   differ 

from  plants  in  this,  that  instead  ot  bathing  their  surfaces, 
the  matters  they  subsist  on  are  dispersed,  and  have  to  bs 
obtained ;  the  relalion  between  avuilablo  food  and  growth. 
is  ahown  with  more  regularity!  The  Protosoa,  living  oa 
microscopic  fragments  of  organic  matter  contained  in  the 
snrrounding  wutcr,  are  unable,  during  their  brief  livi-s,  to 
Rccumiilate  any  cbosiderablc  quantity  of  nutriment.  Polypee 
end  Molltua»da,  haviujj  for  food  these  scarcely  visible  men* 
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ben  of  the  animal  kingdom,  are,  though  large  compared 
with  their  prey,  small  as  measured  by  other  standards  :  even 
when  aggregated  into  groups  of  many  individuals,  which 
severally  catch  food  for  the  common  weal,  they  are  often  so 
inconspicuous  as  readily  to  be  passed  over  by  the  imobservant. 
And  if  from  this  point  upwards  we  survey  the  successive 
grades  of  animals,  it  becomes  manifest  that,  in  proportion  as 
the  size  is  great,  the  masses  of  nutnni^pt  Rrp.  pithftr  1ftrp<>^  nr^ 
what  is  practically  the  same  thing,  are  so  abimdant  and  so 
grouped  as  that  large  quantities  may  be  readily  taken  in. 
Though,  for  example,  the  greatest  of  mammals,  the  arctic 
whale,  feeds  on  such  comparatively  small  creatures  as  the 
acalephes  and  molluscs  floating  in  the  seas  it  inhabits,  its 
method  of  gulping  in  whole  shoals  of  them  and  filtering 
away  the  accompanying  water,  enables  it  to  secure  great 
quantities  of  food.  We  may  then  with  safety  say,  that, 
other  things  equal,  the  growth  of  an  animal  depends  on  the 
abundance  and  sizes  of  the  masses  of  nutriment  which  its 

powers  enable  it  to  appropriate.         Perhaps  it  „>ay  be 

neediul  to  add  that,  in  interpreting  this  statement,  the 
nmnber  of  competitors  must  be  taken  into  account.  Clearly, 
not  the  absolute,  but  the  relative,  abundance  of  fit  food  is 
the  point ;  and  this  relative  abimdance  very  much  depends 
on  how  many  individuals  are  competmg  lor  the  tood.  1  hus 
-all  who  have  had  experience  of  fishing  in  Highland  lochs, 
know  that  where  the  trout  are  numerous  they  are  small,  and 
that  wheJre  they  are  comparatively  large  they  are  compara- 
tively few. 

What  is  the  relation  between  growth  and  exp^ndit.nrft  nf 
force?  is  a  question  which  next  presents  itself.  Though 
there  is  reason  to  believe  such  a  relation  exists,  it  is  not  very 
readily  traced :  involved  as  it  is  with  so  many  other  rela- 
tions. Some  contrasts,  however,  may  be  pointed  out,  that 
appear  to  give  evidence  of  it.  Passing  over  the  vegetal 
kingdom,  throughout  which  the  expenditure  of  force  is  too 
small  to  allow  of  such  a  relation  being  visible ;  let  us  seek  in 
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tho  animal  klugdom,  some  caao  vhore  clossea  othorwiaa 
lillii.'d,  are  contnistcd  in  their  locomotive  actiritica.  Let  oa 
compare  birds  on  the  one  hand,  with  reptiles  and  mammals 
m  the  other.  It  is  an  acce|)ted  doctrine  that  birds  are 
nr)^nized  on  b  typa  closely  allied  to  the  reptilian  type,  but 
BUpi-rior  to  it ;  and  though  in  many  respects  the  orgtui illation 
of  birds  is  inferior  to  that  of  mammals,  yet  in  other  respects, 
Bs  in  the  greater  lietcrogeneity  and  integration  of  the  skelclon, 
the  moro  complex  doTclopment  of  thi!  rcspirutury  system, 
and  the  higher  temperature  of  the  blood,  it  may  be  hold 
that  birds  stand  above  inuinmols.  Hence  were  growth  de- 
pendent only  on  organization,  we  might  infer  that  thu  limit 
of  growth  among  birds  should  not  be  much  short  of  that 
Among  mammals  ;  and  that  the  bird-type  shoidd  admit  of  & 
lai^r  growth  than  the  reptile- typo.  Again,  wc  sec  no  mani- 
feet  diwidvauttigr's  under  which  birds  labour  in  obtaining 
food,  but  from  which  replilcn  and  ntammals  are  free.  Un  ihu 
contrary,  birds  nro  able  to  get  at  food  that  is  fixed  beyond 
the  reach  of  reptiles  and  mammals  ;  and  can  cat<'h  food  ihal 
is  too  swift  of  movement  to  bo  ordinarily  caught  by  rcpliles 
and  mammals.  Nevertheless,  the  limit  of  growth  in  birdu, 
falls  far  below  that  reached  by  reptiles  and  mamitiuls.  With 
wliat  other  cimtrast  between  these  classes,  is  tliis  contrast 
connected  ?  May  wo  not  suspect  that  it  is  connected  with 
the  contrast  between  their  amouula  of  locomotive  exertion  f 
Whereas  mammals  (excepting  bats,  which  aro  small),  are 
during  all  their  mowmonts  supported  by  solid  surfaces  or 
donso  li<]ui<Ls;  and  whereas  replilM  (excepting  the  ancient 
ptnrodoctyles,  which  wwro  not  very  large),  are  similarly  rc- 
■tricted  in  their  ■phores  of  moremont ;  the  majority  of  binla 
more  moro  or  less  habitually  through  a  rare  mtilium,  in  which 
they  cannot  support  themselves  without  relativfiiy  grcwt 
efforts.  The  concTusiMi  that  there  exists  Uiia  inverw 

ratio  between  growth  and  cxpendjlure  of  force,  is  enforced 
by  the  significani  fiuit,  tltat  ttioao  members  of  the  class  Arfi, 
u  the  jKtiomit  and  ^piornU,  which  approached  in  size  tu 


I 


ibe  larger  Mammalia  and  Reptilia,  were  creaturea  incapable 
of  flight — creatures  which  did  not  expend  this  e:£cess  of 
force  in  locomotion.  Further  eWdence  that  there  ia 

an  antagoDJBm  between  the  increase  of  bulk  ■""1  tliP  gnnnfi'tiy 
of  motion  evolved  by  an  organism,  is  supplied,  by  the  ({9-  i^ 
Oenil  experience^  that  human  beings  and  domoatic  animalB, 
when  overworked  while  growipg.  are  prevented  from  attain? 
ing  the  ordinary  dimcnsionB. 

One  other  general  trath  concerning  degrees  of  growth, 
moat  be  set  down.  It  is  a  rule,  having  cxcoptiona  of  no 
great  importance,  that  large  organisms  commcnco  their 
separate  existences  as  mosses  of  organic  matter  more  or  less 
connidenibte  in  size,  and  commonly  with  organizations  more  or 
less  advanced ;  and  that  throughout  each  organic  sub- kingdom, 
there  is  a  certain  general,  though  irregiJur,  relation  between 
the  initial  and  the  final  bulks.  Vogetals  exhibit  this 

relation  mnch  less  clearly  and  constantly  than  animals,  Tet 
though,  among  the  plants  that  begin  life  as  minute  spores, 
there  are  some  which,  under  their  special  conditions,  grow  to 
considerable  sizes,  the  immense  majority  of  them  remain 
small.  While,  conversely,  the  great  Endogcns  and  Exogens, 
when  thrown  off  from  their  parents,  have  already  the  formed 
organs  of  young  plants,  to  which  are  uLtuchcd  large  stores  of 
highly  nutritive  matter.  That  is  to  say,  where  the  young 
plant  consists  merely  of  a  centre  of  development,  the  ultimate 
growth  is  commonly  insignificant ;  but  where  the  growtli 
b  to  become  great,  there  exists  to  start  with,  a  well-devciopod 
embryo  and  a  stock  of  aeaimilable  matter.  Tlirough- 

out  the  animal  kingdom,  this  relation  is  tolerably  regular. 
Save  among  classes  that  escape  the  ordinary  requiiomonis  of 
animal  life,  small  germs  or  eggs  do  not  give  rise  to  bulky 
creatures.  Where  great  bulk  ia  to  be  reached,  the  young 
proceeds  from  an  egg  of  considerable  bulk,  or  ia  bom  of  con- 
siderable bulk  ready -organized  and  partially  active.  In  the 
clasa  fishes,  for  instance,  a  certain  average  proportion  obtains 
between  the  sizes  of  tho  ova  and  the  sizes  of  the  adult  uidi- 
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dindunls  ;  and   among   Uie   higliesi    iUhLa,   as    sharks,    ihaf 
eggs  lire  comparatively  {ew  and  comparatively  large. 
tilos  havQ  eggs  that  are  smaller  in  number,  and  n^luttvelyj 
gn-ator  in  mass,  tlian  tliose  of  tiahes ;  and  throughout  t 
class,  too,  there  is  a  general  ratio  between  the  bulk  of  the  e 
and  the  bulk  of  the  adult  creature.     As  a  group,  birds  shoir  i 
ua  a  further  limitation  in  the  number  'of  their  eggs,  and  ■  ' 
further  increase  in  their  relative  sizes ;  and  from  the  minute 
egga  of  the  humming-bird  up  to  the  immense  ones  of  iho 
EpiomU,  holding  several  quarts,  we  see  that,  speaking  ge- 
nerally, the  greater  the  eggs,  ihe  greater  the  birds.    I'"inaliy,J 
among  mammals  (omitting  the  marsupials)  the  young  i 
bom,  not  only  of  comparatively   large  sizes,  but  i 
vanced  organizations ;  and  throughout  this  sub-divixioD  < 
the  vertebrata,  as  throughout  the  others,  there  is 
feet  connexion  between  the  sizes  at  birth  and  the  siitw  ftt^ 
maturity.  As  having  a  kindred  meaning,   there 

must    finally  bo    notcil    tlie    fuct,  that    the    young  of  thes 
highest    animals,    besides    starting   in    life    with    bodies   of 
considerable  sizes,  almost  fully  organized,  are,  during  buI>-J 
sequent  periods  of  greater  or  h**  length,  supplied  with  nntri 
I  meat — in  birds  by  feeding,  and  in  mammals  by  suckling  anS^ 
"In  ty  feeding.     Thai  is  to  soy,  beyond  the  moss  and 
1^  directly  hequeatlicd,  a  bird  or  mammal  obtaina 
s  at  but  little  cost  to  itttelt 
Wera  an  oxhaustivc  treatment  of  the  topic  intended,  it 
would  be  needful  to  give  a  pamgniph  to  eueh  of  the  many 
incidental  circumstancca  by  which  growth  may  bo  aided  or 
rcstnotnl.     iriM-Xi  facts  us  that  an  cntoiioon  ia  limited  by  the 
Mze  of  the  creature,  nr  even  the  organ,  Jn  wbieh  it  thrirca ; 
that  an  epiroon.  though  getting  abundant  natriment  witb- 
ont  appiveiiible  riiertiun,  is  restricted  to  tliat  mnnll  bulk  at 
which  it  escapes  ready  dettvtion  by  the  animal  it  inf('«Ui ; 
that  sometimes,  as  in  the  weaxel,  smallness  ia  a  condition  to 
niccoMful  pursuit  of  ttio  animals  preyed   upon  ;  and  that  nt 
other  timep,  the  advantage  of  rcoombliog  ccrt4un  other  crea- 


turee,  and  so  deceiving  enemies  or  prey,  becomes  an  iat 
cauec  of  restricted  aize.     But  the  present  purpose  Js  simply 
to  set  down  those  most  general  relations  between  growi.li  anA 
Other    organic   phenomena,    which    indnction    loads 


Having  done  this,  let  us  go  on  to  inquire  whether  tl 
general  relations  can  be  deductively  estublislied. 

S  4-1.  That  there  must  exist  a  certain  dependence  of 
growth  on  organization,  may  be  shown  n  priori.  Wlicn  we 
consider  the  phenomena  of  Life,  either  by  themselves  or  ia 
tboir  relations  to  surrounding  phenomena,  we  see  that,  o 
things  equal,  the  larger  the  aggregate  the  greater  is 
ueedt'ul  complexify  of  structure. 

In  plants,    even  of  the    highest   type,    there    it 
paratively  small  mutiuil  dependence  of  parts :   a  gathi 
flower-bud  will  unfold  and  flourish  for  days,  if  its  stem 
immersed  in  water ;  and  a  shoot  cut  off  from  its  parent-l 
and  stuck  in  the  giound,  will  grow.     The  respective  pi 
having  vital  activities  that  are  not  widely  unlike,  it  ia  pas* 
sible  for  great  bulk  to  be  reached  without  that  structure 
oomplexity  required  for  combining   the  actions  of  parts. 
Even  here,  however,  we  see  that  for  the  attainment  of  gn 
bulk,  there  requires  such  a  degree  of  organization  ns  shi 
co-ordinate  the  functions  of  root^   and  branches- 
that  such  a  size  as   ^  Toachcd   \fy  trees,   is  ^yt  pyaai] 
without  an  efficient  vascular  system  enabling  the  rem^ 


e   o^^ 


organs  to  utiJjze  epnh  other's  products!  And  we  Bee  thi 
such  a  co-existence  of  large  growth  with  low  organization,  ' 
as  occurs  in  some  of  the  marine  A!gw,  occurs  where  the^ 
conditions  of  existence  do  not  necessitate  any  considerable 
mutual  dependence  of  parts — where  the  near  approocli  of  tho 
plant  to  its  medium  in  specific  gravity,  pri.'clude8  the  need  of 
a  well-dcvchiped  stem,  and  where  all  tho  materials  of  growth 
being  derived  from  the  water  by  each  portion  of  the  ihallua, 
there  requires  no  apparatus  for  transferring  mntcriuls  from 
part  to  part.  Among  animals  which,  with  but  few 
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ezoeptionB,  ara,  hy  the  conditiona  of  their  existenoe,  reqmrcd 
to  tuku  in  uutriitiont  through  one  specialized  part  of  ttifl 
body,  it  in  cloar  that  there  must  bo  a  means  whcruh^  other 
ports  of  the  body,  to  he  supportod  hy  this  nutriment,  must 
have  it  conveyed  to  them.     It  is  cloar  tliat  for  an  iy]uail]FJ 
clGciunt  maiutenanoo  of  their  nutrition,  the  parts  of  a  liTgn 
Tniu»  must  have  a  moro  c-luborato  propelling  and  conductinn 
Apparatus ;  and  that  in  pro]X)rtioa  as  these  parts  imdcrgt 
grentor  wnsto.  a  yet  higher  development  of  iho  vasc^] 
iy*tem  is  nmnwitatcd.     Similarly  with  the  pre-reqiiiMtpfl  1 
>  thom  moohuniual  motions  which   animnls  are  required 
I  perform.     Tlio  parts  of  a  moss  cannot  be  made  to  mi 
I  have  their  mnvomi>nt«  so  coordinated  as  to  procluca  loooram 
tiro  and  other  actions,  without  certain  Btrurtural  arrange 
ntcmU;   and,  other  things  equal,  a   given  amount  of  fl 
totivity  require  more  involved  atnictural  arnuigemfnts  in  wl 
large  manH  than  in  a  nmnll  one.     There  must  at  least  be  I 
rO'onlinating  npimralua  presenting  greater  contrasts  m  i 
I    central  and  peripheral  parts. 

The  qualili<-d  dependciico  of  growth  on  organisation, 
I  equiilly  implied  when  we  study  it  in  connexion  with  thj 
adjuatuient  of  inner  to  outer  relulions  which  coaniituies  I.ife^ " 
In  plants  this  is  not  conspii'uous,  becauao  the  adjustment  of 
inner  to  outer  relatioiu  is  but  BmalL    Still,  it  is  viriihiu  iu  the 
fact  that  the  eondj^^qfl  on   whit-h  Qply  a  plant  can  griiwjo  a 
gWat  aJKO,  is.  flin.t,    it,  nlmll,  hy  th|i  d^'Tfl^FpiWIlt  "f  'h  "■■■"■"f 

tniok,  pnwcnt  inner  rulatioiia  of  foroeg  fitUi-d  to  countpr- 
twkpoe  thoBO  outer  rulalions  cif  forces,  which  tep(1  ""utimiaUy 
roil  occawonally  to  ovoithrow  it ;  and  this  formation  of  • 
Dora  of  regularly-arranged  woody  fibro,  is  an  adviuicc  in 
nr^oization.  TEitiug!iourtheaniiiiaLkmgdoin,_thii 

ronnMwn^f  phenomena  18  mnTiifi-st.  To  ohh.in  niati-riak  for 
growtH  ;  to  avc^rj  ''U"n«,wJii_cii  i'ltcrWi-ft^ll' fir\"Llh  :  and 
to  escape  thoflo  oneroitM  which  bring  growth  to  n  auddoo  end ; 
k  JpaiMiM  in  the  organism,  tht>  moans  of  tltting  its  movemmto 
■to  mot  numerous  external  oo-ciistencca  q!nd  aeqS^^ 


implies  such  vaiious  structural  an-iuigeinenU  aa  shall  mal 
possible  theae  vflrioualy-adapted  actions.  It  cannot 
questionod  that,  everything  else  rcm&iniiig  constant,  a  moi 
complex  animal,  capable  of  adjuating  its  conduct  to  a  y 
number  of  surroumling  contingencca,  will  bo  the  better  ablo 
to  secure  food  and  ev^de  damage,  and  so  to  increase  bulk. 
And  evidently,  without  any  qualification,  we  may  say  that  a 
large  animal,  living  tmder  such  complex  conditions  of  exist- 
ence as  everywhere  obtain,  is  not  possible  without  compara* 
lively  high  organization. 

While,  then,  this  relation  is  traversed  and  obscured  by 
sundry  other  relations,  it  cannot  but  exist.  Deductively  wo 
sec  that  it  must  be  modified,  as  inductively  we  saw  that  it  is 
modified,  by  the  circumstances  amid  which  each  kind  of  or- 
ganism is  placed ;  but  that  it  is  always  a  factor  in  determin- 
ing the  result. 

§  45.    That  growth  is,  cceterU paribus,  dependent  on  the  so] 
ply  of  as^oiluble  mutter,  is  a  proposition  so  continually  illtti 
trated  by  special  experience,  as  well  as  so  ob\'ious  from  general 
experience,  that  it  would  scarcely  need  slating,  wero  it  not  re. 
quisits  to  notice  the  qualifications  with  which  it  must  be  taken. 

The  materials  which  each  organism  requires  for  building 
itaelf  up,  are  not  of  one  kinJ,  but  of  several  kinds.  Aa  a 
■vehicle  for  transferring  mutter  through  their  structures,  all 
organisms  require  water  as  well  as  solid  constituents ;  and  how- 
ever abundant  the  solid  coiislitueuts,  there  can  be  no  growth 
ID  the  absence  of  water.  Among  the  eolids  supplied,  there 
must  be  a  proportion  ranging  within  certain  limits.  A 
plant  round  which  carbonic  acid,  water,  and  ammonia  exist 
in  the  right  quantities,  may  yet  be  arrested  in  its  growth  by 
a  deficiency  of  silica.  The  total  absence  of  lime  from  iU 
food,  may  stop  the  formation  of  a  mammal's  skeleton  :  thus 
dwarfing,  if  not  eventually  destroying,  the  mammal;  and 
this,  no  matter  what  quantities  of  other  needful  colloids  and 
crystalloids  arc  furnished. 
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Again,  iho  truth  that,  other  things  equal,  growth  varini^ 
acuunling:  to  the  supply  of  nutriment,  has  to  be  qualified  hy 
the  uondition,  that  the  aupply  shall  not  exceed  the  ability  to 
appropi-iate  it.  In  the  vegetal  kingdom,  tho  oMinulatiiig 
Burfuce  being  external,  and  admitting  of  rapid  expansion  by 
tho  formation  of  new  roots,  ahoot«,  and  leaves,  the  effect  of 
this  limitation  is  not  conspicuous  :  by  artificiaUy  supplying 

I  plants  with  those  matcriala  yhich  they  havo  aaimUY  '^*  "*"** 

I  ^HKoulty  in  obtaiping,  wa  can  greatly  facilitate  their  qwth ; 

F  and  90  can  produce  Btriking  differencea  qf_aize  in  the  same 
^eclesj  Even  here,  however,  the  effect  is  confinod  within 
the  limiU  of  tho  ability  to  appropriate;  since  in  tho  absence 
of  tliat  solar  light  and  heat,  by  tho  help  of  which  the  chief 
appropriation  is  curried  on,  the  additional  matcriala  ofj 
growth  are  uaelesa. In  the  animal  kingdom  thM» 

I  reatriotion  is  rigorous.     The  absorbent  surface  being,  in  th», 

Lgre^  majoritT  of  caaea,  internal ;   ha\'iiig  a  compitriitivelj 
JI  weft,  wnich  (annot  be  greatly  enlarged 

r  coaatniction  of  tho  whole  '£o<Iy~;~~an3  biii 

I  with  a  vaaculur  system,  which  must  also  be  re-coristruet«d 
before  any  conaiderahlo  increase  of  nutriment  can  be  ma&. 
available  ;  it  is  clear  that  beyond  a  certain  jKiiut,  very  so«tt' 
rbacheil,  increii^  of  nutriment  will  not  cause  increaso  of] 
growth.  On  tho  contrary,  if  the  quantity  of__nutl 
^CGU  in,  is  greatly  bcj^nd  the  alworlw^nt  iwwcr,  tho  exci 
becoming  an  obstuch'  to  the  n-giilor  working  of  the  orgimumj 
^y  retard ^rowtii  rather  than  odvancc  it. 

WTiihi  thtn  it  ia  cirtuin,  a  j/riori,  that  tlioro  cannot   1 
grttwth  in  tho  abeonco  of  such  subatancea  as  tlioae  of  whioBi 
an  organiwm  consists ;  and  wliilo  it  is  equally  cerlain  that  tCVl 
amouiil  •'(  -■TiiivtK  II. 1. -I  jinuarily  be  gnvemed  by  tho  suji^)]^! 
wTIk  ^'  -  not  leas  certaiu  that  fxlra  s'lpplyj 

will  ii  growth,  heyona  a  point  vi-ry  bix)I|;J 

rcacliul.  i. .-.,..,.,.  J.dWM  to  be  "niii^siary,  as  iuductiol 
makes  lamiliar,  tho  truths  that,  the  value  of  food  for  purposi 
gf  growth  dcpvodi  not  m  llu}  ^uiuitity  of  tho 


ithout  1 
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Oigauizabio  materials  it  contains,  but  on  the  quantity  of 
the  material  most  needed  ^  that  given  a  right  PTOPortiop  of 
Mftteriala.rfSa  prc-exidtin°r  atructiire~g^  the  i>r(>«Tiisin  Unii'fl 
their  ayMlability ;  and  that  the  hieher  the  Btnicture.  tha 
■cxtner  is  tliia  limit  reached. 


I 


§  46.  But  why  should  the  prowth  of  every  orgimiam  ba 
finidly  arrested  ?  ITiougli  the  rate  of  iiiureaso  may,  in  oaeh 
cose,  be  neceasarQy  restricted  witbiu  u  narrow  rango  of  varia- 
tion— though  the  iiiei-einont  tlmt  is  possible  in  a  given  time, 
cannot  exceed  a  certain  amount ;  vet  why  should  the  incje- 
mente  docreaae,  and  tmaily  become  insenaible  ?  Why  should 
not  all  organisms,  when  supplied  with  sufficient  materials, 
continue  to  grow  aa  long  aa  they  live  f  To  find  an  answer 
to  this  question,  we  must  first  revert  to  the  nature  and 
functions  of  organic  matter. 

In  the  first  three  chapters  of  Part  I.,  it  was  shown  that 
planta  and  animals  mninly  consist  of  substances  in  states  of 
unstable  equilibrium — substances  which  have  been  raised  to 
this  unstable  equilibrium  by  the  expenditure  of  the  forces  we 
know  as  solar  radiations,  and  which  give  out  theso  forces  in 
other  forms,  on  fulling  into  states  of  stable  equilibrium. 
Leariug  out  the  water,  which  serves  aa  a  vehicle  for  these 
materials  and  a  medium  for  their  chaogcs ;  and  excluding 
tbosi'  mineral  matters  that  play  either  passive  or  subsidiary 
parts  J  organisms  are  built  up  of  compounds  which  are  stores 
of  force.  Those  complci  colloids  and  cryatalloida  which,  as 
united  together,  form  organized  bodies,  are  the  same  colloids 
and  crystalloids  which  give  out,  on  their  decomposition,  the 
forces  expended  by  organized  bodies.  Thus  those  . 

nitrogencoDS  and  carbonaceous  substances,  being  at  once 
the  materials  for  organic  growth  and  the  sources  of  organic 
force;  it  results  that  as  much  of  them  aa  is  used  up  for  thn 
eenoas  of  force,  is  taken  away  from  the  moans  of  growth ; 
and  aa  much  aa  is  economized  by  diminislting  the  ^nests  of 
'iatto,  ia  ftvaiLible  for  growth.     Given  that  limited  ^uauti^ 
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nf  nutritive  matter  whicli  tlio  jire-oxisting  atnicture  of  a 
orguulBiii  onablea  it  to  absorb ;  and  it  ia  a  necoHsary  corgUaif  ' 
from  the  poraistouoo  of  force,  that  the  matter  accamulated  aa 
growth,  cannot  exceed  that  oyrpluH  nrliifli   w-mMina  imiift. 
composed,  after  the  production  of  the  rcquirod  amounta  of 
Bcnsible  and  inacnsiMe  motion.  This,  which  would 

ba  rigorously  troe  under  all  conditions,  if  exactly  the  snm? 
aubataoces  were  uaed  in  exactly  the  same  proportions,  for  thsa 
production  of  force  and  for  the  formation  of  tissue,  require 
however,  to  bo  taken  with  the  qualification,  that  some  of  tbi 
force- evolving  sulMtances  are  not  coiistilueiils  of  tissue ;  ani 
that  tlius,  Ihcro  may  be  a  genesis  of  foroo  which  is  not  at  tl 
oxpouse  of  potential  growth.     Cut  since  organisms  (or  a 
least  animal  organisms,  with   which   we  arc  here  chiefly 
ooncorncd.)  havo  a  certain    power   of  aek-ctivo  ahaoqitiot 
which,  purliully  in  un  individual  and  mure  completely  in  I 
moo,  adapts  the  projxirtionsof  the  substuiices  ubaorbcd  U>  ths 
noods  of  the  system  ;  then  if  a  certain  habitual  expenditure 
of  force,  leads  to  a  cprt-iin  h/ihitnal  absorption  of  forco- 
evolving  matters  that  are  not  availublu  fur  growth;  and  iQl 
woro  tlioro  leas  need  for  such  matters,  the  ability  to  absqg 
mat  tors  nvuiliiblc  tv?  groivlh  would  bo  iiii.rca>icd  to.  a 
v«kint  extent ;  it  folluwa  tbatjjiu  iiiitiigimiaiu  tlvdcribc<l,  dot 
lii  ItioTong  ran,  hold  oven  without  ibis  <j^ualiiicaiion.  UcuM 
growth  in  Bubstautiully  etguivaltint  to  the  al)sorbed  uulriment,^ 
minus  the  nutriment  ustd  np  in  action. 

Tliia,  however,  m  no  answer  to  the  question — why  has 
individual  growth  a  limit  ?  The  antagonism  dfscribrd,  doos 
nut  manifL-ally  account  for  tho  fact,  that  in  ever}'  domeatic 
animal  the  increments  of  growth  bear  continually  decreanng 
ratios  to  the  mu«s,  and  finally  come  to  an  end.    NeTortliolcas, 

'  it  ia  d<Tmonat  rabid  that  thi;  exw^M  of  ubitorlxxl  over  eX]ionded  I 
nutriment,  miiel,  other  tLTngs  equal,  bii^Aiiiu  Ilivi  us  Ihit 
the  aiiimnTlhH'Uiii'^  grt^uU^  Tu  Bitni!«rTy-sbai>.-d  Lodlo 

^-nteinuaaea  varj^^jjig^cutica  of  tht:  ilimFn.ii.rw ;  nliQ£uiajJ)*1 
■truigtUs  Tary  as  the  admires  of  lliv  diuiviitiuns.     tiw  holt' 
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the  solution  of  tLo  problem.  Supposing  a  creaturo  which  a 
year  ugo  waa  one  foot  high,  has  now  become  two  foot  hifth. 
while  it  is  unchanged  in  proportionB  and  structure ;  what  are 
tae  necessary  concomitant  changes  that  liuve  laken  place  in 
it  ?  It  ifl  eight  tijnea  as  heavy ;  that  is  to  aay,  it  lifts  to  re- 
sist (sight  times  the  strain  which  gravitation  puts  on  its 
etracture ;  and  in  producing,  as  well  as  in  arresting,  every 
one  of  its  movements,  it  has  to  overcome  eight  times  the 
inertia.  Meanwhile,  the  muscles  and  bones  have  aeyer- 
ally  increaaod  their  coutractile  and  resiatin^f  powers  in  pro. 
portion  to  the  areas  of  thmr  transverse  sections ;  and  hence 
are  severaPr  but  four  times  aa  strong  aa  they  were.  'Fh^^s, 
while  the  creature  has  doubled  in  height,  and  while  its  ahilily 
tu  overcome  forces  has  quadrupled,  the  forces  it  has  to  overcome 
have  grown  eight  times  as  great.  Hence,  to  raise  ils  body 
through  a  given  space,  its  mustlcs  have  to  bo  contracted  with 
twice  the  intensity,  at  a  double  cost  of  matter  expended.  This 
necessity  will  be  seen  still  more  clearly  if  we  leave  out  th« 
motor  apparatus,  and  consider  only  the  forces  required  and 
the  means  of  supplj'ing  thorn.  For  since,  in  similar  bodies, 
the  areas  vary  as  the  squares  of  the  dimensions,  and  the 
masses  vary  aa  the  cubes  ;  it  follows  that  the  absorbing  sur- 
face has  becorao  four  times  as  great,  while  the  weight  to  ba 
moved  by  the  matter  absorbed  has  become  eight  times  as 
great.  If  then,  a  year  ago,  the  absorbing  surface  could  talcs 
up  twice  as  much  nutriment  as  was  needed  for  expendiluraj  j 
thus  leaving  one-half  for  growth,  it  is  now  able  only  just  to  J 
'  meetexpenditure,  and  can  providenothingfor  growth,  Uotr^  1 
ever  great  the  excess  of  assimilation  over  waste,  may  be  d 
ing  the  early  life  of  an  active  organism,  we  see  that  b 
a  series  of  nambers  increasing  as  the  cubes,  overtakes  a 
increasing  as  ihe  squares,  e-ven  though  starting  from  a 


mailer  number,  there  must  be  reached,  if  the  organism  Ij 
bfi£_enor.gl',  a  point  at  which  the  surplus   aBsiroilutioi 
brought  down  to  nothing— a  piiint  at  which  ex[)euditure  Int*  J 
lancefl  nutrition — a  state  of  moTFug  et|uilibi  lum.  Thll^  I 
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however,  though  the  chief,  i«  not  the  sole,  varyingrelatlonli 
Iwcoadcgrees  of  growth  and  amountsofoxpcadcdforoe.  Tliat 
are  two  more ;  one  of  which  coDapires  with  the  last,  whf 
the  other  conflicta  with  it.  Consider  in  the  first  phice,  1 
cost  ut  which  nutriment  is  distributed  through  the  body,- and' 
effoto  mutters  removed  from  it.  I^ach  incrcmont  of  growth 
being  added  at  the  periiihory  of  the  organisni,  the  force  ex- 
pbudfd  in  the  tniusfcr  of  matter  muat  increase  in  a  rupid 
progrcsaioQ — a  progression  more  rapid  than  that  of  the  mass. 
Uui  OS  the  dynamic  expense  of  distribution  ia  small  compared 
with  the  dynamic  value  of  the  materials  distributed,  this  ite 
in  llia  calculation  ia  unimportant.  Now  consider,  in  i 
second  place,  the  changing  proportion  between  product 
aud  loas  of  heat.  In  similar  organisms,  the  quantities  of  hei 
gonoruted  by  similar  actions  going  on  throughout  their  si 
sLuice,  iniiat  increase  as  the  masses,  or  as  tbo  cubtss  of  i 
dimensions.  Meanwhile,  the  surfaces  from  which  loss  of  huat 
by  radiation  takes  place,  iucrease  only  as  the  squares  of  tha 
diineiisiuna.  Though  the  loss  of  heat  does  not  therefore  in- 
e  only  as  the  squares  of  the  dimensions,  it  certainly  in- 
«  at  a  smaller  rate  thuii  the  cubes.  And  to  the  extent 
It  Utgmentation  of  mass  results  in  a  grt-ator  retenliou  of 
Imt,  it  oSbcls  an  ecouomizution  of  force,  lliis  adyautuge  is 
not,  however,  so  important  ns  at  first  appears.  Organic  beat 
U  a  concomitant  of  organic  action,  and  is  so  abundantly  pro- 
(Iiuxtl  during  action,  that  the  loss  of  it  Is  then  of  no  conse- 
quence :  indL-ed  the  loss  is  ofton  not  rapid  enough  t^  keep 
tho  sapftly  from  rising  to  an  incourouiunt  excess.  It  is  only 
in  resjxict  of  that  mnintcnancc  of  heat  which  is  nemlfiil  during; 
quiescence,  that  large  organisms  have  an  advontngo  ovi-r 
small  ones  in  this  ri'latiTety  diminished  loss.  Thus  tlie«e  two 
•ubsidiary  relotinns  between  degrees  of  growlh  and  amounts 
of  expended  force,  U>ing  in  nntjigonism  wilh  each  other,  wa 
may  ooBcludc  that  their  difffreiilial  result  docN  not  greatly 
intMlify  the, result  of  the  chief  relation  previously  set  forth, 
Any  one  who  proceeds  to  test  this deductiun,  will  liud  aona 


1^^^ 


I 


»cmiiig  incongruitiea  between  it  and  certain  facts  inductively 
eelubliahed.  Lest  these  sliould  luislDad  him,  it  will  be  well 
to  explain  tbem.  Throughout  the  vegetal  kingdom, 

he  may  remark  that  tliere  is  no  limit. of  growth  except  what 
death  entails.  Passing  over  a  large  proportion  of  plants 
which  never  exceed  a  compuratively  small  size,  because  they 
wholly  or  partially  die  down  at  the  end  of  the  year;  and 
pointing  to  trees  that  annually  soud  forth  new  ehoots,  even 
when  their  trunks  are  hollowed  out  by  decay ;  ho  may  ask — 
How  does  growth  happen  here  to  be  unlimited  ?  The  answer 
is,  that  plants  arc  only  accumulators ;  they  are  in  no  apprecia- 
ble degree  expenders.  As  they  do  not  undergo  a  waste  which 
increases  as  the  cubes  of  the  dimensions,  while  assimilation 
increases  as  their  squares ;  there  is  no  reason  why  their 
growth  should  be  arrested  by  the  equilibration  of  assimilation 
and  waste.  Again,  should  he  look  among  animals  for  an 

exact  correspondence  between  the  decreasing  increments  of 
growth  as  ascertained  by  observation  and  as  determined  by  de- 
duction, he  will  not  find  it.  Aiid_th^e_arejugjafiatiBaaaUP 
why  the  correspondence  cannot  be  more  than  approximate. 
Besides  the  iact  aoovc  noted,  ttiat  there  are  other  varjiinfr 
relations  which  complicate  the  chief  one,  he  must  boar  in 
mmd  that  tho  bodies  compared  aro  not  truly  similar:  the 
proportions  of  trunk  to  limbs  and  trunk  to  head,  vary  con- 
siderably. The  comparison  is  still  more  srriouBly  vitiated  by 
the  inconstant  ratio  between  the  constituents  of  which  the 
body  is  composed.  In  the  flesh  of  adult  mammalia,  water 
forma  from  GS  to  71  per  cent.,  or^iic  substance  from  24  to 
28  per  cent.,  and  inorganic  substance  from  3  to  5  per  cent,; 
whereas  in  the  fmtal  stale,  the  water  amounts  to  87  per  cent., 
and  the  solid  organic  constituents  to  only  1 1  per  cent.  Clearly 
this  change  from  a  state  in  which  the  forcc-ovoh-ing  matter 
forms  one  tenth  of  the  whole,  to  a  slate  in  which  it  fonns  two 
and  a  half  tonths,  must  greatly  iulerlero  with  the  parallelism 
between  the  actual  and  the  theoretical  progression.  Yet 

another  difficulty  may  come  under  bis  notice.     Tho  crocodilu 
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is  said  to  grow  oe  long  as  it  lives ;  and  thorn  appears  r 

to  think  that  some  predaccous  fiflh(»,  such  aa  the  pike,  doiJ 

the  same.     That  these  animnla  of  com  nary  tivply  ^\s\\  "fg^"^  I 

ixation,  have  no  definite  limita  of  groTth,  ia,  however,  an  ea-  4 

cpptional  fact  duo  to  tlie  t^jc^ption.il  nop-fulfilmcnt  of  tbo< 

I  conditiong  which  entaif  limitation,     ^VTiat  kind  of  life  dowl 

I  a  crocodile   lead?      It   is  a   cold-blooded,    or  almost   cold' I 

'  blooded,  creature ;  that  is,  it  expends  very  little  for  the  main*! 

tcnaiice  of  heat.     It  is  habitually  inert:  not  chasing  prey,  l 

lying  in  wait  for  it ;   and  undergoes  considerable  exertiql 

L  only  dttrinf^  its  occasional  brief  contoats  with  prqy. 

L  othar  esertioD  as  laj  at  intorvals,  iieeilfut  for  movinir  frowl 

I  place  to  place,  is  renderod  sninU   by  the  amall  diferetica  J 

'■  bgtwcen  tha  animal's  apecifio  gravity  and  that  of  water. 

Thus  the  crocodile  expends  in  muscular  action,  an  amount  of 

force  that  is  insignificant  compared  with  the  force  commonly 

expended  by  land-animals,     llenco  its  habitual  assimilation 

~s  diminislic-d  much  less  than  usual  by  hiibituul  waste  ;  and 

beginning  with  on  oiccessivo  disproportion  between  the  two, 

I  it  is  quite  possible  fur  the  one  never  quite  to  lose  its  advonco   . 

I  ovlt  the  other  while  life  continues.     On  looking  clo«or  inta  | 

I  such  cases  as  this  and  that  of  tho  piko,  which  is  simihirly  f 

f  cold-bloodod,  similarly  litw  in  wait,  and  is  similarly  able  to  I 

obtain  larger  and  Inrgor  kinds  of  prey  as  it  increases  in  sizftj.l 

wo  dijtcover  a  further  reason  fur  this  absence  of  a  dcBnito  A 

limit.     The  mechanioal  cauxos  n^nHMsilating  a  limit,  are  Iiof«  | 

only  partially  in  action.     For  a  creature  living  in  a  mediiua  | 

I   of  nearly  the  same  density  as  its  body,  has  not  constantly  to  J 

overcome  that  gruvitnlivo  form  whicli  is  the  chief  rrsistjuioO  1 

to  be  mot  by  terrestrial  animals :    it  has  not  to  eX[iend  for  1 

I   this  puqxMK-,  amuscnlar  power  that  is  lorgeat  the  outset, and  I 

incrtiasoa  as  the  oah(«  of  its  diinonsions.     The  only  force  in-  ( 

creasing  as  the  cubes  of  its  dimensions,  which  it  has  thus  tO  | 

,  ovorcomo,  is  the  inertia  of  its  parts.     The  exceptional  coa* 

I  tinuance  of  growth  observed  in  crcalun-a  so  circumstanced,  tl  1 

I  tiienifore  perfectly  explicable. 
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S  47.  Obviously  this  antagoniam  between  accumulation  and 
expenditure,  must  be  a  leading  cause  of  the  contrasts  in  size 
between  allied  organisms  that  are  in  many  respects  similarly 
conditioned.  The  life  followed  by  each  kind  of  animal,  is 
one  involving  a  certain  average  amount  of  exertion  for  the 
obtainment  of  a  given  amount  of  nutriment — an  e?:ertion, 
part  of  which  goes  to  the  gathering  or  catching  of  food,  part 
to  the  tearing  and  mastication  of  it,  and  part  to  the  after- 
processes  requisite  for  separating  the  nutritive  atoms — an 
exertion  which  therefore  varies  according  as  the  food  is  abund- 
ant or  scarce,  fixed  or  moving,  according  as  it  is  mechani- 
cally easy  or  difficult  to  deal  with  when  secured,  and  accord- 
ing as  it  is,  or  is  not,  r&dily  soluble.  Hence,  while  among 
animals  of  the  same  species  having  the  same  mode  of  life, 
there  will  be  a  tolerably  constant  ratio  between  accumulation 
and  expenditure,  and  therefore  a  tolerably  constant  limit  of 
growth ;  there  is  every  reason  to  expect  that  different  species, 
following  different  modes  of  life,  will  have  unlilcfi  ^tJM  !^^ 
tween  accumulation  and  expenditure,  and  therefore  imlike 
limits  of  fz^rowth. 

Though  the  facts  as  inductively  established,  show  a  general 
harmony  with  this  deduction,  we  caunot  usually  trace  this 
harmony  in  any  specific  way  ;  since  the  conflicting  and  con- 
spiring causes  which  affect  growth  are  so  niunerous.  The 
only  contrast  which  seems  fairly  to  the  point,  is  the  before- 
named  one  between  the  vertebrates  which  fly,  and  the  most 
nearly-allied  vertebrates  which  do  not  fly:  the  differences 
in  degrees  of  organization  and  relations  to  food,  being  not  such 
as  seriously  to  affect  the  comparison.  If  it  be  admitted  that 
birds  habitually  expend  more  force  thmmammals  and  rep- 
tiles, then  it  will  follow  d  priori^  that,  other  things  being 
tolerably  equal,  they  should  have  a  lower  limit  of  growth 
{Fan^mammals  and  reptilefi ;  aniiEiiO^Q  Kaow^  beJffieTact 

§  48.     One  of  the  chief  causes,  if  not  the  chief  cause,  of 


I 
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the  differeDC6a  between  the  sizea  of  organiams,  haa  yet  to  be 
considered.  We  are  introduced  to  it  by  pushing  the  abova 
inquiry  a  little  further.  Small  antmala  have  boca  afaown  to 
possess  an  advantage  over  largo  ooes,  in  tlie  greater  ratio 
which,  other  things  equal,  assimilation  bears  to  expenditure: 
and  we  have  seen  that  hence,  small  animals  in  becoming 
largo  ones,  gradually  lose  that  surplus  of  aseimilatire  power 
which  they  hud,  and  eventually  cannot  assimilate  more  than 
is  required  to  balance  waste,  liut  how  come  these  animals 
while  yoting  and  small,  to  have  surplus  assimllnl|Topoweps  ? 
Have  all  animuU  equal  surplus  oF  asslimljitive^  jowoti^ 
And  if  not,  tow  fur  do  differences  butwoen  the  surpluses  d* 
termine  differences  between  the  limits  of  growth?  Wfll 

shall  find  in  the  answers  to  these  questions,  the  interpretation 
of  many  marked  contrasts  in  growth  that  are  not  due  to  any 
of  the  causes  above  assigned.  For  example,  an  ox  immensely 
exceeds  a  sheep  in  mass.  Yet  the  two  live  from  generation 
to  generation  in  the  same  fifUis,  eat  the  same  grass  and  tur- 
nips, obtain  these  aliments  with  the  same  small  expenditure 
of  force,  and  differ  scarcely  at  all  in  their  degrees  of  organiz- 
ation. Whcncearises.  then,  their  striking  unlikencas  of  bulk  P 

Wo  noted  when  studying  the  phenomena  of  growth  in« 
duotively,  that  organisms  uf  the  larger  and  higher  tyjKS,  com 
mcnc-e  their  separate  existences,  aa  masses  of  organic  mattfl 
having  tolerable  magnitudes.  Speaking  generally,  < 
thai  Ihfoil ghoul  ~th.t)\  ofpinic  sub-ltint^om,  the  acquirw- 
meut  of  great  bulk  occurs  only  whcro  the  invipiciit  bulk 
and  organisation  nro  considerable;  and  tliat  they  are  the_ 
more  considerable  in  proportion  to  the  complexity  of  tlir 
which  the  organism  is  to  lead. 

The  dcdactiva  interpretation  of  this  induction  may  best  li 
eommonc«d  by  an  analogy.  A  atrerl  oriingn- vendor  makes 
but  a  trifling  profit  on  each  transaction;  and  unleaa  more 
than  ordinarily  fortunate,  he  is  unable  to  i 
the  day  a  lorgvr  amount  than  will  mt-el  his  wants :  lena 
tti^  him  to  start  on  tho  nurrow  in  the  »me  conditioa  i 
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before.     The  trade  of  the  Luxtor  in  ounces  of  tea  oud  half* 
pounds  of  sugar,  is  oae  similarly  entailing  muuli  labour  for 
Bmull  returns.     Begimiiag'  with  a  capital  of  a  (ew  pounds, 
is  impossible  for  him  to  have  a  shop  large  enough,  or  gooda  j 
sufficiently  abundant  and  various,    to  permit  an  cxtenaiva  I 
busiciL'Ss  :  he  must  be  content  with  the  half-pence  and  peiioa  1 
which  ho  makes  by  little  sales  to  poor  people  ;  and  if,  avoids  1 
ing  bad  debts,  he  is  able  by  strict  economy  to  accumulate  I 
snything,  it  can  be  but  a  trifle.     A  large  retail  trader  u  I 
obliged  to  lay  out  much  money  in  fitting  up  an  adequate  I 
1   fshiblishment ;  he  must  invest  a  still  greafier  sum  in  stock  fl 
I   and  he  most  have  a  further  floating  capital  to  meet  thsj 
charges  that  fall  due  before  his  returns  come  in.     Sotting 
out,  however,  with  moans  enough  for  those  purposes,  he  i 
ablo  to  make  numerous  and  comparatively  largo  sales  ;  and 
to  tn  get  greater  and  more  numerous  incrcmeute  of  profit. 
I  Similarly,  to  get  returns  in  thousands,  merchants  and  raanu-  i 
[  Incturera  must  make  their  invcstmoHts  in  tons  of  thousands.  | 
In  brief,  the  rate  at  which  a  man's  wealth  accumulatea.  j^ 
measured  by  the  surplus  of  income  over  expenditure : 
this,  save  in  exceptionahly  favourable  cases,  is  determined  b 
the  capital  with  which  tie  begina  auflmeSI  Now  ap-  ' 

I   plying  the  analogy,  we  may  tnico  in  the  transactions  of  an 
organism,  tho  sumo  three  ultimate  elements.     There  is  the 
I   oxpemliturc  required  for  the  obtaintnent  and  digestion  of 
I   fiMKL,;.  tbere  is  the  gross  return  in  the  shape  of  natriment  aa- 
I   similated,  or  Gt  for  assimilation ;  and  there  is  the  dlfTorence 
I  bi'tween  this  gross  return  of  nutriment  and  the  nutriment 
that  was  used  up  in  the  labour  of  securing  it — a  difibrence 
I  which  may  be  ajroSt  or  a  loss.     Clearly,  however,  a  surplus 
implies  that  the  force,  e^cpcnded  ia  less  than  the  furce  latent 
ttl"    ft'KJniilHfivt   fnnA.      Clearly,   too,   the    increment    of 


growth  ii^  linij^  f/i  llifi  aTBffHPt  of  this  su  rp  1  usof  i  n  com  e 
Dver  expend! turp. ;  eo  that  large  growth  implies  both  that  the 
excess  of  nuliilioo  over  waste  shiJl  bo  relatively  considerable, 
uid  that  tho  waate  and  nutrition  shall  bo  on  extensive  scftles. 
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Aod  clL>ar]y,  the  ability  of  an  orgunistu  to  expend  largely  t 
ftssimilate  largely,  so  aa  to  make  a  large  surplus,  proaupfM 
a  \a.TgQ  physiological  capihil,  tn  the  shupo  uf  orgLtttic  niuttMrl 
more  or  logs  complete  in  it«  structural  arrangomonta. 

Throughout  the  vogotal  kingdom,  ths  illtulrations  of  thU 
trulh  are  not  conspicuoua  and  regular  :  tho  obvious  reason 
beiug,  that  since  plants  are  accumulutora  and  in  so  snull  a 
degree  oxpoodcrs,  the  premises  of  the  above  argument  are 
but  very  partially  fulfilled.  The  food  of  planU  ^oxccptin^ 
Pungi  and  certain  parasites}  being  in  a  great  measure  the 
same  for  all,  and  bathing  all  so  that  it  can  be  absorbed  with- 
out  effort,  their  vital  proceasBS  result  almost  entirely  in  profit. 
Onoo  fairly  rooted  in  a  fit  phtco,  a  plant  mn^  Hum  fmn^  l^)^n 
outnet  add  its  entire  njluma  to  capital ;  ond  may  soon  bo  able 
to  carry  on  its  pruoessos  on  a  large  soalo,  though  it  does  not 
ttt  first  dp  BO^  When,  howover,  plants  arc  oxpondcra,  namely, 
during  their  genninalion  and  first  eliigcs  of  growth,  their 
degrees  of  growth  arc  determined  by  their  amounts  of  %nUil 
capital.  It  is  because  tho  young  tree  commoncoa  life  with  a 
reoily'fiirmod  embryo  and  ntore  of  food  sufficient  la  loat  for 
■ome  time,  that  it  is  enabled  to  strike  root  and  lift  itd  hi'Uil 
obovo  tho  surrounding   herbage.  Throughout  tho 

animal  kingdom,  however,  tho  necessity  of  this  i-clalion  is 
everj-wbere  obvious.  Tlic  small  ciirniTOre  preying  on  smuU 
herbivores,  can  increase  in  size  only  by  small  inereincnta  :  its 
orgoaiiutioa  untitling  it  to  digest  brgor  creatures,  even  if  it 
ran  kill  tbem,  it  cannot  profit  by  amounts  of  nutriment  rx- 
oeodiug  a  narrow  limit;  and  its  poaiible  increments  of  growth 
bding  Mmnll  Lo  set  out  with,  and  rapidly  dw^nvising,  muat 
t<'>me  to  au  ond  before  any  ooniiJerablo  siz^  is  attained. 
Monifmtly  the  j-unng  lion,  born  of  tolerable  bulk,  nuokl'tl  un- 
til much  bi)(gi>r,  and  fed  until  holf-grciwn,  is  en:»bh'il  by  tho 
power  and  organization  which  he  thus  gets  gratu,  to  catch 
and  kill  animaU  of  lixa  enough  to  give  bim  the  large  supply 
iif  uutriment  needed  to  meet  his  large  expenditure,  and  yet 
laavo  a  largo  iiur|>lus  for  growth.      Thus  then  i»  explaiued 
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the  above-named  contrast  between  the  ox  and  tbe  sheep.  A 
cuif  and  a  Iamb  commence  their  physiological  transactions  on 
widely  diflTerent  scales ;  their  first  increments  of  growth  arc 
similarly  contrasted  in  their  amounts ;  and  the  two  diminish- 
ing series  of  such  increments^  end  at  similarly-contrasted 
limits. 

$  49.  Such  are  the  several  conditions  by  which  the  phe- 
nomena of  growth  are  governed.  Conspiring  and  conflicting 
in  endless  difierent  ways  and  degrees,  they  in  every  case 
qualify  more  or  less  difierently  each  other's  eflPects.  Hence 
it  happens  that  we  are  obliged  to  state  each  generalization  as 
true  on  the  average,  or  to  make  the  proviso — other  things 
equal. 

TJuderstood,  in  this  qualified  form,  our  conclusions  are 
these.  /Firsfp  that  growth  being  an  integration  with  the 
organism,  of  such  environing  matters  as  are  of  like  nature 
with  the  matters  composing  the  orgamsm,  its  growth  is  de- 
pendent on  the  available  supply  of  such  matters :  this  is  alike 
a  truth  established  by  experience,  and  an  inference  from  the 
trullL^ven  in  our  forms  of  thought  {First  Principles,  §  67). 
mc^hat  the  available  supply  of  assimilable  matter  being 
the  same,  and  other  conditions  not  dissimilar,  the  degree  of 
growth  varies  according  to  the  surplus  of  nutrition  over  ex- 
penditure— a  generalization  which  is  illustrated  in  some  of 
the  broader  contrasts  between  difierent  divisions  of  ore^an* 
id  is  a  direct  corollary  from  the  persistence  of  force, 
khat  in  the  same  organism,  the  surplus  of  nutrition 
over  expenditure  is  a  variable  quantity ;  and  that  growth  is 
unlimited  or  has  a  definite  limit,  according  as  the  surplus 
does  or  goes  not  progressively  decrease.  This  proposition  we 
found  on  the  one  hand  exemplified  by  the  unceasing  growth 
of  organisms  that  do  not  expend  force ;  bv  the  growth,  slowly 
£minishing  but  never  completely  ceasing,  of  organisms  that 
expend  comparatively  little  fofce;  and  by  the  deSnitely 
limited  growth  of  organisms  that  expend  much  force ;  and 
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on  the  other  hand,  wo  found  it  to  follow  from  a  ccrlain  r 
tive  increase  of  expenditure  that  necessarily  accompanies  in 
creaae  of  built,  and  to  be  therefore  an  indirect  corollary  from 
t!i«  persistence  of  force.  Fourth,  that  among  organisma 
which  are  largo  eipenders  of  force,  the  size  ultimalcly  at- 
*ttined  is,  other  thinga  equal,  determined  by  tljg  initial  ajf"  ■ 
in  proof  of  which  conclusion  we  have  abundant  facts,  as  well 
aa  the  d  priori  necessity  that  the  sum-totals  of  analogous 
diminishing  series,  must  depend  upon  the  amotints  of  their 
initial  torms.  Fifth,  that  where  the  likeness  of  other  ctr- 
I  permits  a  oompariaon,  the  possible  extent  of 
__  a  on  the  degree  of  organization  :  an  inferonoo 
iSliy  the  larger  forms  among  the  various  divisions  , 
and  anb-divisiona  of  organisms ;  and  iuferaUe  a  prioi  I 
ian  conduiuns  of  <iciateue». 
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DEVELOPMEXT.* 

§  50.  Certain  general  aspects  of  Development  may  bo 
studied  apart  from  any  examination  of  internal  structures. 
These  fundamental  contrasts  between  the  modes  of  arrange- 
ment of  parts^  originating,  as  they  do,  the  leading  external 
distinctions  among  the  various  forms  of  organization,  will  be 
best  dealt  with  at  the  outset.  If  all  organisms  have  arisen 
by  Evolution,  it  is  of  course  not  to  be  expected  that  such 
several  modes  of  development  can  be  absolutely  demarcated : 
we  may  be  sure  of  finding  them  united  by  transitional  modes. 
But  premising  that  a  classification  of  modes  can  but  approx- 
imately represent  the  facts,  we  shall  find  our  general  con- 
ceptions of  Development  aided  by  one. 

Development  is  primarily  central,  AU  organic  forms  of 
which  the  entire  history  is  known,  set  out  with  a  symmetri- 
cal arrangement  of  parts  round  a  centre.  In  organisms  of 
the  lowest  grade,  no  other  mode  of  arrangement  is  ever 
definitely  established-;  and  in  the  highest  organisms,  central 
development,  though  subordinate  to  another  mode  of  de- 
velopment, continues  to  be  habitually  shown  in  the  changes  of 

*  In  ordinary  speech.  Development  is  often  used  as  synonymous  with  Growth. 
It  hence  seems  needful  to  say,  that  Deyelopmcnt  as  here  and  hereafter  used, 
means  inerease  of  ttructure^  and  not  increase  of  bulk.  It  may  be  added,  that  the 
word  Eyolution,  comprehending  Growth  as  well  as  Derelopmcnt,  is  to  be  reserrod 
foi  oocasionB  when  both  are  implied. 
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minute  etructurc     Let  ue  glance  at  these  propositions  in  d 
concrete.  Leaving  out  thoso  Illiizopoda  which  an 

wholly  etructureless,  every  plant  and  animal  in  its  ciirlieet 
stage,  consiatB  of  a  BphericaJ  sac,  full  of  liquid  conlainiDs; 
organic  matter,  in  which  is  suspondod  a  nucleated  cell,  mora 
or  less  distinct  from  the  rest ;  and  tho  first  changes  that 
occur  in  tho  gono  thub  coostitutcil,  are  chongea  that  take 
place  round  centres  produced  by  division  of  the  original 
centre.  From  this  type  of  structure,  the  simpleat  organisms 
do  not  depart ;  or  depart  in  no  definit*  or  eouspieuous  ways. 
Among  pluula,  tho  Uredo  and  the  several  tribes  of  Protococei 
pemmnontly  muintain  such  a  central  distribution ;  while 
among  animalit,  it  is  jwrmauontly  maintained  by  crea- 
tures like  the  Qregarina,  and  in  a  different  manner  by  tho 
Amiefia,  Arfinophry*,  and  their  allies.  In  larger  orguiiiams, 
made  up  chiefly  of  units  that  arc  analogous  in  structure  to 
these  simpK«t  organisms,  tbe  formation  of  units  ever  continues 
to  t«kc  ploco  round  points  or  nuclei ;  though  the  arrangement 
of  thcflu  nnils  into  groups  and  wliolos  may  proceed  after 
another  method. 

Central  development  may  bo  distinguished  into  unieentral 
and  multiertilral ;  according  ns  the  product  of  tho  original 
germ,  develops  sj-mmotrieally  round  one  centre,  or  develops 
without  lubordinatioa  to  one  centre — devclii[>s,  that  is,  in 
Bubordiualion   to   many  centre*.  Unieentral  de< 

Tclopmcut,  as  displayod  not  in  tho  formation  of  single  colls 
bat  in  tlie  formation  of  aggivgutc*.  is  not  common.  Tbe 
animal  kingdom  shows  it  only  in  the  small  group  named 
Thaituaicolla :  inert,  spheri<:til  mn«M  of  jolly,  willi  scarcely 
any  organization,  which  are  found  floating  in  soutbnm  stiits. 
It  is  feebly  roprvnciitcd  in  tho  vegetal  kingdom  by  the  I'ot- 
tax  sflobator.  On  tlui  oUicr  hand,  multiccntrol  devel- 

opment, or  dovob)pmuut  rouml  insubordinate  centres,  is  vii- 
nuosly  exemplitied  in  both  divisions  of  the  orgaoio  world.  It 
i*  l^xcmplified  in  two  distinct  ways,  according  as  the  iusubor- 
diitatiun  among  the  centres  uf  development  in  partial  or  total 
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We  "may  moet  conveniently  consider  it  under  the  heads  hence 
arising. 

Total  insubordination  among  the  centres  of  develocmer^t, 
is  shown  where  the  units  or  cells^  as  fast  as  they  are  severally 
formed,  part  company  and  lead  independent  lives.  This,  in 
the  vegetal  kingdom,  habitually  occurs  among  the  Proto^ 
phyia;  and  in  the  animal  kingdom,  among  the  ProtO' 
zoa.  Partial  insubordination  is  seen  in  those 

somewhat  advanced  organisms,  that  consist  of  units  which, 
though  they  have  not  separated,  have  so  little  mutual  depend- 
ence that  the  aggregate  they  form  is  irregular.  '  Among 
plants,  the  Thallogens  very  generally  exemplify  this  mode  of 
development.  Lichens,  spreading  with  flat  or  corrugated 
edges  in  this  or  that  direction,  as  the  conditions  determine, 
have  no  manifest  co-ordination  of  parts.  In  the  AlgcB,  the 
Nostocs  similarly  show  us  an  unsymmetrical  structure.  Of 
Fungi,  the  sessile  and  creeping  kinds  display  no  further 
dependence  of  one  part  on  another,  than  is  implied  by  their 
cohesion.  And  even  in  such  better-organized  plants  as  the 
Marchantia,  the  general  arrangement  shows  no  reference  to  a 
directive  centre.  Among  animals,  many  of  the  Sponges  may 
be  cited  as  being  thus  devoid  of  that  co-ordination  implied 
by  symmetry :  the  Amsoba-like  units  composing  them,  though 
they  have  some  subordination  to  local  centres,  have  no  subor- 
dination to  a  general  centre.  To  distinguish  that 
kind  of  development  in  which  the  whole  product  of  a  germ 
coheres  in  one  mass,  from  that  kind  of  development  in  which 
it  does  not,  Professor  Huxley  has  introduced  the  words  ''  con- 
Hnuous  "  and  "  discontinuous ;"  and  these  seem  the  best  fitted 
for  the  purpose.  Multicentral  development,  then,  is  divisible 
into  continuous  and  discontinuous. 

From  central  development  we  pass  insensibly  to  that  higher 
kind  of  development  for  which  axial  seems  the  most  appro- 
priate name.  A  tendency  towards  this  is  vaguely  manifested 
almost  everywhere.  The  great  majority  even  of  Protophyta 
and  Protozoa  have  different  longitudinal  and  transverse  di- 
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nteusioaa — bave  an  obscure  if  not  a  distinct  axial  atructurcL 
The  originally  cellular  unila  out  of  whioh  liigher  organiama 
are  mainly  built  up,  usually  pass  lata  shapes  that  are  subordi- 
nated to  lines  rather  than  to  poinU.  And  in  the  higher  organ- 
isms, considered  as  wholes,  an  uirungeroent  of  parte  in  Tola* 
tion  to  an  axis  is  distinct  and  nearly  universal.  We  seu  it  in 
the  superior  orders  of  Thollogena  ;  and  in  all  the  Aerugeus, 
Endogens,  and  Ezogens.  With  few  exceptions  the  CaUnte- 
rata  clearly  exhibit  it ;  it  is  traceable,  though  less  conspicu- 
ously, throughout  tho  MoUusoa;  and  the  Annuhsa  and 
Vertebrata  uniformly  show  it  with  perfect  dt'Snitcness. 

This  kind  of  dcTclopment,  like  the  first  kind,  is  of  two 
orders.  The  whole  germ-pruduct  may  arrange  itself  round 
a  single  axis,  or  it  may  arrange  itself  rouud  many  axes ;  the 
structure  may  be  uniaxial  or  multiaxial.  Each  division  uf 
the  organic  kingdom  furnishes  examples  of  both  these  or- 
ders. In  such  Fiiniji  us  exhibit  axial  development  Kt 
all,  we  commonly  see  development  round  a  single  axis.  Some 
of  tho  Algtc,  as  the  common  tangle,  show  us  this  arrange- 
ment. And  of  tho  higher  plants,  many  Endogens  and 
srauU  Exogens  are  uniaxial.  Of  animals,  the  advanced  are 
without  exception  in  this  category.  There  is  no  known  ver^ 
tebrate  in  which  the  whole  of  the  germ-product  is  not  subor- 
dinatod  to  a  single  axis.  In  the  more  fully- org  an!  zed  Annti- 
tota,  the  like  is  almost  universal ;  as  it  is  also  in  the  superior 
ordt^rs  of  Mollusca.  Multiaxial  development  occurs 
in  moat  of  the  plants  we  are  familiar  with — every  branch  of 
a  shrub  or  troo  being  an  independent  axis.  But  while  in  tho 
vi'gi-lal  kiiigtlom,  mulliuxial  dcvi'lnpment  provaiU  among  thu 
highest  typia;  in  the  anitUiilkiug<lom,  it  prevails  only  among 
the  lowest  tj-pes.  It  is  extremely  general,  if  not  universal, 
among  tlio  Catetihrata  ;  it  is  ehunict eristic  of  the  MoUiu- 
foida;  among  JIolluscs  lliu  eom]K>uud  Ascidians  exhibit  it; 
and  it  is  *eca,  thongh  under  another  form,  in  tho  inferior 
Annidtua. 

DeTelo|tiiicnt  that  is  axial,  like  developmeDt  that  U  ccntrali 
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may  be  either  continuous  or  discontinuous  :  tho  parts  having 
different  axes  may  continue  united,  or  they  may  separate. 
Instances  of  each  alternative  are  supplied  by  both  plants 
and  animals.  Continuous,  multiaxial  development,  is 

that  which  plants  usually  display ;  and  need  not  be  illustrated 
further  than  by  reference  to  every  garden.  As  cases  of  it  in 
animals  may  be  named,  all  the  compoimd  Hydrozoa  and  Ac* 
iinozoa;  and  such  molluscous  forms  as  the  Botryllidw.  Of 

multiaxial  development  that  is  discontinuous,  a  familiar 
instance  among  plants  exists  in  the  common  strawberry. 
This  sends  out  over  the  neighbouring  surface,  long  slender 
shoots,  bearing  at  their  extremities  buds  that  presently  strike 
roots,  and  become  new  individuals ;  and  these  by  and  by  lose 
their  connexions  with  the  original  axis.  Other  plants  there 
are  that  produce  certain  specialized  buds  called  bulbils,  which 
separating  themselves  and  falling  to  the  ground,  grow  into 
independent  plants.  Among  animals  the  fresh- water  polype 
very  clearly  shows  this  mode  of  development :  the  yoimg 
polypes,  budding  out  from  its  surface,  severally  arrange 
their  parts  around  distinct  axes,  and  eventually  detaching 
'themselves,  lead  separate  lives,  and  produce  other  polypes 
after  the  same  fashion.  By  some  of  the  lower  Annuloaa,  this 
multiplication  of  axes  from  an  original  axis,  is  carried  on  after 
a  different  manner:  the  string  of  segments  spontaneously 
divides ;  and  after  further  growth,  division  recurs  in  one  or 
both  of  the  halves.  And  in  the  Aphides,  we  have  a  still  fur- 
ther modification  of  this  process. 

Grouping  together  its  e^^veral  modes  as  above  delineatedi 
we  see  that 

r    Unicentral 
Central  ]  or  r    Continuous 


DXTXLOPMEKT  is  <         Or 


Multicentral  i  or 

Discontinuous 


Uniaxial 
Axial    •{  or  f    Continuous 


r     Uniaxial 
^   Multiaxial    i 


or 


I 

\ 

I 


188  THE    ISmiCTlONS  OV    BIOIXMT. 

Any  one  adequately  acqiuilnted  wilb  tha  focU,  e 
raise  objections  to  this  arningement.  He  may  name  forms 
wbicIiiIoiiDt  obviously  come  under  any  of  these  heads.  He  may 
point  to  plants  that  arc  fur  a  time  multicentrul,  but  after- 
words  develop  axially.  And  from  lower  types  of  animals,  bo 
may  choose  many  in  which  tho  continuous  and  discontinuous 
modes  are  both  dieplayed.  But,  aa  already  hinted,  an  ar- 
rangement free  from  such  anomalies  must  be  impossible),  if  tho 
vanoua  orders  of  organization  havu  arisen  by  Evolution.  Tho 
one  above  sketched  out,  is  to  be  regarded  as  only  a  rough 
grouping  of  the  fuels,  which  helps  us  to  a  conception  of  them 
in  tbuir  totality ;  and  so  regarded,  it  will  be  of  servieo  when 
we  come  to  treat  of  Individuality  and  Reproduction. 

§  51.  From  tlicse  most  general  externii]  aspects  of  organic 
development,  let  us  now  turn  to  its  iiilcrual  and  more  special 
aspects.  When  treating  of  Evolution  us  a  universal  procoas 
of  thinga,  a  rude  outline  of  the  course  of  structural  ctiangos  in 
crganisma  was  given  (Firit  Principien,  ^  -1-i,  55,  56).  Here, 
however,  it  will  be  proper  to  drscribo  tlu-sc  changos  more  fully. 

The  bud  of  any  comincn  plant  in  its  earliest  stngf.*,  consists 
of  a  small  hemispherical  or  sub-oonical  proji-clion.  NVliilo 
it  increases  most  rapidly  at  the  apex,  this  presently  dero- 
lopt  on  one  side  of  its  base,  a  smallor  projection  of  like  general 
ahJape  with  itself.  Here  is  the  rudiment  of  a  leaf;  which  pro- 
•ently  spreads  more  or  less  round  tho  baw  of  the  central 
hemisphorc  or  main  axis.  At  the  eamo  time  that  the  central 
homisphero  rises  higher,  this  lateral  prominence,  also  in. 
creajiiiig,  gives  ttmi  to  aubordinato  pmmiucucv*  or  lobes. 
These  are  the  rudiments  of  stipules,  where  the  leaves  ara 
stipulated.  Mt-anwhile,  towards  the  other  side  of  the  main 
axis,  and  somewhat  higher  up,  another  latral  promincnco 
arising,  marks  tho  origin  of  a  second  leaf.  By  the  time  that 
tho  fintt  Irvf  baa  produced  another  pair  of  lubes,  and  tho 
serotid  leaf  has  produced  itji  primary  pair,  the  central  hemi- 
q>liere,atiU  incrBoaing  at  its  apex,  exhibits  Uiu  rudiment  otm 
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third  leaf.  Similarly  througliout.  While  the  germ  of  each 
succeeding  leaf  thus  arises,  the  germs  of  the  previous  leaves, 
in  the  order  of  their  priority,  are  changing  their  rude  nodu- 
lated shapes  into  flattencd-out  expansions ;  which  slowly  put 
on  those  sharp  outlines  they  show  when  unfolded.  Thne 
from  that  extremely  indefinite  figure,  a  rounded  lump,  givinj^* 
off  from  time  to  time  lateral  lumps,  which  severally  becoming 
symmetrically  lobed,  gradually  assume  specific  and  involved 
forms,  we  pass  little  by  little  to  that  comparatively  complex 
thing — a  leaf-bearing  shoot.  Internally,  a  bud  undet' 

goes  analogous  changes.  The  layer  of  substance  which  forms 
the  surface  of  the  hemisphere,  and  in  which  these  metamor- 
phoses commence,  consists  of  a  transparent,  irregularly-aggre- 
gated mass  of  cells  and  centres  of  growth,  not  formed  into  a 
tissue.  Especially  is  this  the  case  at  the  apex,  where  the 
vital  activity  is  the  greatest.  Here  the  primitive  cellular 
mass  passes  without  any  line  of  dema]<»,tion  into  the  tissues 
that  are  developing  from  it.  While,  by  continued  cell-multi- 
plication this  layer  increases,  and  doing  so  most  rapidly  at 
the  apex  thrusts  outwards  its  lateral  portions,  these  begin  to 
exhibit  differentiations.  "  Gradually,"  says  Schleiden,  "  se- 
parate masses  of  cells,  with  a  distinct  and  definite  outline, 
appear  in  this  chaos,  and  they  cease  to  partake  of  the  process 
of  growth  going  on.  At  first  the  epidermis  is  separated, 
then  the  vascular  bundles,  later  the  parenchyma."  Similarly 
with  the  lateral  buds  whence  leaves  arise.  In  the,  at  first,  im- 
organized  mass  of  cells  constituting  the  rudimentary  leaf, 
there  are  formed  vascular  bimdles  which  eventually  become 
the  veins  of  the  leaf ;  and  gradually  there  appear  also,  though 
in  ways  that  have  not  been  specified,  the  parenchyma  and  the 
epithelium.  Nor  do  we  fail  to  find  an  essentially 

parallel  ket  of.  changes,  when  we  trace  the  histories  of  the  in- 
dividual cells.  While  the  tissues  they  compose  are  separ- 
ating, the  cells  are  growing^  step  by  step  more  unlike. 
Some  become  flat,  some  polyhedral,  some  cylindrical,  some 
prismatic,  some  spindle-shaped.     These  develo'p  spiral  fibres 
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in  their  intcriora ;  and  those,  net-worta  of  fibre*.  Ilere  a 
number  of  cella  unite  toother  to  form  a  tube;  aud  ther» 
thoy  become  solid  by  the  internal  deposition  of  woody  or  other 
mattor.  Through  such  clianjefl,  too  numeroiia  and  inTolvi?d 
to  be  here  dtkiilmJ,  the  originally  uniform  cells  go  on  diverg- 
ing and  re-diverging,  until  there  are  produced  variona  forma 
that  seem  to  liave  very  little  in  common. 

The  arm  of  a  man  makes  ita  first  appearance  in  as  simple 
a  w&y  as  does  the  shoot  of  a  plant.  According  to  UiBcholf,  it 
buds-out  from  the  side  of  the  embryo,  as  u  little  tongue- shaped 
projection,  presenting  no  dlQerencos  of  parta  ;  and  it  might 
■erve  for  the  rudiment  of  some  one  of  the  various  other  organs 
that  also  arise  as  buda.  Continuing  to  lengthen,  it  presently 
becomes  soniewhul  enlarged  at  its  end;  and  is  then  described  aa 
a  pedielu  bearing  a  flattened,  ruund-odged  lump.  This  lump  ia 
the  rvpreaentutive  of  the  future  hand  ;  and  the  peiliele.  of  the 
future  arm.  By  and  by,  at  the  ed^es  of  this  flattened  lump, 
there  appear  four  clefts,  dividing  from  each  other  the  buds  of 
the  future  fingers;  and  the  hand  aa  a  whole  gn>w»  a  liltle 
more  distinguishable  from  the  arm.  Tip  to  this  time,  the 
pedicle  has  remained  one  continuous  pioce ;  but  it  now  bo};ius 
to  show  a  bend  at  its  centre,  which  indicates  the  division  into 
arm  and  forearm.  The  distinctions  thus  rudely  indicalrd, 
gradiuilly  incn^ase :  tbo  fin^joni  elongate  and  beoome  jointed  ;• 
and  the  proportions  of  all  tho  parts,  originally  very  un- 
like thoso  of  tho  complete  limb,  slowly  approximate  to 
them.  l>urin({  its  bwi-HUe  at^gc.  tho  rudimentary 

arm  is  nothing  but  a  nomitgiuinjaa  mass  of  simple  celU,  with- 
out  any  nrrangeracnt.  By  tho  diverse  changes  they  gnuln^jlly 
undergo,  those  cells  are  transformed  into  biincA,  inu«cIoi, 
blood- vcaaela,  and  nerve*.  The  ex trvme  softness  a&d  delicacy 
of  this  primary  cellular  tissue,  renders  it  difficult  to  trace  the 
tDttiol  stages  of  these  diRerentialioos.  In  consequence  of  the 
colour  of  tlieir  contents,  tbs  blood-vessels  are  the  first  purU  to 
beoomo  viaibltt.  AAorwards  tho  CJirtilaginous  parts,  wbiib 
•n  tho  baaei  of  the  futnru  bones,  beiroine  marked  out  by  ths 
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denser  aggregation  of  their  constituent  cells,  and  the  produc- 
tion between  these  of  a  hyaline  substance  which  unites  them 
into  a  translucent  mass.  When  first  perceptible,  the  muscles 
are  gelatinous,  pale,  yellowish,  transparent,  and  indistinguish- 
able from  their  tendons.  The  various  other  tissues  of  which 
tke  arm  consists,  beginning  with  very  faintly-marked  diflfer- 
ences,  become  day  by  day  more  definite  in  their  outlines  and 
appearances.  In  like  manner,  the  units  composing 

th&e  tissues,  severally  assume  increasingly-specific  characters. 
The  fibres  of  muscle,  at  first  made  visible  in  the  midst  of 
their  gelatinous  matrix  only  by  immersion  in  alcohol,  grow 
more  numerous  and  distinct ;  and  by  and  by  they  begin  to 
exhibit  trans verpe  stripes.  The  bone-cells  put  on  by  degrees 
tneir  curiouo  structure  of  branching  canals.  And  so  in  their 
respective  ways  with  the  units  of  skm  ana  the  rest. 

Thus  in  each  of  the  organic  sub-kingdoms,  we  see  this 
change  from  an  incoherent,  indefinite  homogeneity,  to  a 
coherent,  definite  heterogeneity,  illustrated  in  a  quadruple 
way.  The  originally -like  units  or  cells,  become  unlike  in 
various  ways,  and  in  ways  more  numerous  and  marked  as  the 
development  goes  on.  The  several  tissues  which  these 
several  classes  of  cells  form  by  aggregation,  grow  little  by 
little  distinct  from  each  other ;  and  little  by  little  put  on 
those  structural  complexities,  that  arise  from  dificrentiations 
among  their  component  units.  In  the  shoot,  as  in  the  limb, 
the  external  form,  originally  very  simple,  and  having  much 
in  common  with  countless  simple  forms,  organic  and  in- 
organic, gradually  acquires  an  increasing  complexity,  and  an 
increasing  unlikeness  to  other  forms.  And  meanwhile,  the 
remaining  parts  of  the  organism  to  which  the  shoot  or  limb 
belongs,  having  been  severally  assuming  structures  divergent 
from  each  other  and  from  that  of  this  particular  shoot  or 
limb,  there  has  arisen  a  greater  heterogeneity  in  the  organ- 
Um  as  a  whole. 

S  52.     One  of  the  most  remarkable  inductions  of  embry- 
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cJngy  comes  next  in  ardor.  Vun  Baor  found  that  in  iM'f 
earlicat  stage,  ovcry  organUm  haa  the  grcatcdt  number  of 
oharucters  in  common  with  all  other  orgunisms  in  their 
earlicflt  stages ;  that  at  a  stage  somrvrhnt  later,  its  structure 
is  like  tho  structures  displayed  at  corresponding  phases  by  ft 
less  c-st<>nBive  multitude  of  organisms;  that  at  each  sub-'l 
sequent  stage,  traits  are  ncquirwl  which  SHCcossively  dislia-  , 
guisb  the  dovetoping  embryo  from  groups  of  embryos  that  it 
provioHBly  resembled — thus  step  by  stop  diminishing  (he 
gmup  of  embryos  which  it  still  resembles;  and  tliut  thus  tho 
class  of  similar  forms,  is  finally  narrowed  to  the  epeeies  of 
which  it  is  a  member.  This  ubstruut  propoMlion  will  p(jp- 
linpM  not  be  fully  rtialiised  by  the  general  reader.  It  will  be 
best  to  ro>state  it  in  a  concrete  shape.  The  germ 

out  of  which  u  hunmu  being  is  erolved,  differs  in  no  visibls 
respect  from  tho  germ  out  of  which  every  animal  and  pUint  is 
evolved.  The  first  conspicuous  structural  change  undurgoae 
by  this  human  germ,  is  one  cbarnctcrizing  I  he  gcraia  of 
animals  only — difiWronliutes  them  from  the  gemts  of  plants. 
Tho  next  dlstinctiun  established,  is  a  distinction  cxhibit^xl  by 
«U  Vtrlfhrata;  but  never  exhibited  by  .JnMu/tMu,^/v//('«ca,  or 
deleHkrala.  Instead  of  continuing  u>  resemble,  as  it  now 
decs,  the  nidituonts  of  nil  fishes,  reptiles,  birds,  and  mammals ; 
this  rudiment  of  a  man,  aittumes  a  strurturo  that  is  seen  only 
in  the  rudiments  of  mammals.  Later,  tho  embryo  undergoes 
changes  which  exclude  it  from  the  group  of  implucentol 
maiumald ;  and  prove  thut  it  beloiigx  l<>  the  group  of  placental 
mammals.  Later  still,  it  grows  unlike  the  embnos  of  tbow 
placental  mammuhi  dixlinguishcd  as  ungubite  or  hoofed;  and 
continues  to  resemble  only  the  unguieulate  or  clawt^l.  By 
and  by,  it  ccuks  to  be  like  any  fojtuscs  but  those  of  ihu  quud- 
nimuua;  and  ovenluully  the  fujtusti*  of  only  the  higher 
(luadnimuaa  are  siuiululed.  Ijuilly,  at  birtli,  the  iutunt, 
belonging  to  whichever  human  race  it  may  do,  is  atructurally 
very  much  like  thn  infants  of  all  other  human  r»cc«;  and 
only  aflorwards  acijuircs  those  various  luiatir  peculiarities  of 
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form  that  distinguish  the  yariety  of  man  to  which  it  bo- 
longs. 

The  generalization  here  expressed  and  illustrated,  must 
not  be  confounded  with  an  erroneous  semblance  of  it  that  hag 
obtained  considerable  currency.  An  impression  has  been 
given  by  those  who  have  popularized  the  statements  of  em* 
bryologists,  that  during  its  development,  each  higher  organ- 
ism passes  through  stages  in  which  it  resembles  the  adult 
forms  of  lower  organisms — that  the  embryo  of  a  man  is  at 
one  time  like  a  fish,  and  at  another  time  like  a  reptile.  This 
is  not  the  fact.  The  fact  established  is,  that  up  to  a  certain 
point,  the  embryos  of  a  man  and  a  fish  continue  similar,  and 
that  then  difierences  begin  to  appear  and  increase — the  one 
embryo  approaching  more  and  more  towards  the  form  of  a 
fish  ;  the  other  diverging  from  it  more  and  more.  And  so 
with  the  resemblances  to  the  more  advanced  types.  Suppos- 
ing the  germs  of  all  kinds  of  organisms  to  be  simultaneously 
developing,  we  may  say  that  all  members  of  the  vast  mul- 
titude  take  their  first  steps  in  the  same  direction ;  that  at  the 
second  step  one-half  of  this  vast  multitude  diverges  from  the 
other  half,  and  thereafter  follows  a  different  course  of  deve- 
lopment ;  that  the  immense  assemblage  contained  in  either 
of  these  divisions,  very  soon  again  shows  a  tendency  to  take 
two  or  more  routes  of  development ;  that  each  of  the  two  or 
more  minor  assemblages  thus  resulting,  shows  for  a  time  but 
small  divergences  among  its  members,  but  presently  again 
divides  into  groups  which  separate  ever  more  widely  as  they 
progress ;  and  so  on,  imtil  each  orgaHism,  when  nearly  com- 
plete, is  accompanied  in  its  further  modifications  only  by 
organisms  of  the  same  species  ;  and  last  of  all,  assumes  the 
peculiarities  which  distinguish  it  as  an  individual — diverges 
to  a  slight  extent  to  the  organisms  it  is  most  like.  The 

reader  must  also  be  cautioned  against  accepting  this  general- 
ization as  exact.  The  likenesses  thus  successively  displayed 
are  not  precise  but  approximate.  Only  leading  characteris- 
tics are  the  same :  not  all  the  details.     It  is  as  though  in 
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[  one  of  tho  diverging  groups  juat  dcpscribwl,  each  kind  of 
organism,  though  having  a  general  direction  of  devclopinant 
liko  that  of  tho  ottora  it  is  for  n  time  travelling  with,  ahoi 
from  tho  Bret  a  tendency  to  Ic^ive  the  general  route— a  Iw 
oncy  wliii.Ii  presently  becomes  strongly  marked.      Mukio) 

I  requisite  qiuilttiuations,  howovor,  these  rescmblut 
main  conspicuous ;  and  the  fact  that  they  follow  eouh  oth 
in  the  vay  described,  Is  a  fact  of  great  significanco. 

$  53.   This  comparison  between  the  course  of  dfiTelopman 
I  ID  any  croature,  and  the  course  of  development  in  all  othM 
'   creatures — this  arrival  at  the  conclusion  that  the  course  of 
development  in  cocb,  at  first  the  same  as  in  all  others,  be- 
comes stage  by  stage  differentiated  from  the  courses  of  i 
others,  brings  us  within  ^-icw  of  an  allied  conclusion.     If  K 
contemplate   the  sucoe^sive  stages  passed   through   by  i 
higher  organism,  and  observe  tho  relation  between  it  and  itt' 
environment  at  each  of  these  stages ;  we  shall  see  that  this  rc- 
I   lution  is  inodiRcd  in  a  way  anidogous  to  that  in  which  the 
nJation  bt'twecn  the  organism  uiid  its  enfironment  is  modi- 
fied, 03  wo  advance  from  the  lowest  to  the  highest  grades. 
Along  with  the  progressing  differentiation  of  each  organism 
from    others,    wo    find    a   progressing    ditlercntiation    of    it 
frani  itd  environment;    liko  that  progressing  differentiation 
from  the  environment  wlncti  wo  moot  with  in  the  ascending 
forms  of  life.     Lot  us  first  glance  at  the  way  in  which  UmtJ 
■secnding  forms  of  lite  exhibit  this  progressing  dilfereutiatioi 
from  ihe  environment. 

In  tho  tirst  pkcc,  it  is  illustratod  in  ilrueture.  Ad- 
i  ranee  from  tho  homogeneous  to  tho  hett'rogoneous,  itself  in- 
I  Tolvua  an  increasing  distinction  from  tho  inorganic  world. 
In  the  lowest  Protozoa  wo  have  a  simplicity  approaching 
,  to  that  of  air,  water,  or  earth  ;  and  the  OJiccut  to  organisms 
I  of  greater  and  greater  complexity  of  structure,  is  on  B.'*oont  tu 
I  organimw  that  ara  in  that  respect  more  strongly  contnut«4  3 
I  with  Uie  structurclcM  environmonl.  In/on/i,  again 
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WO  see  the  same  fact.  An  ordinary  characteristic  of  inor* 
ganic  matter  is  its  indefinitencss  of  form ;  and  this  is  also  a 
characteristic  of  the  lower  organisms^  as  compared  with  the 
higher.  Speaking  generally,  plants  are  less  definite  than 
animals,  both  in  shape  and  size — admit  of  greater  modifica- 
tions from  variations  of  position  and  nutrition.  Among  ani- 
mals, the  simplest  Bhizopods  are  not  only  structureless  bat 
amorphous  :  the  form  is  never  specific,  and  is  constantly 
changing.  Of  the  organisms  resulting  from  the  aggregation 
of  such  creatures,  we  see  that  while  some,  as  the  Foramini* 
fcra^  assume  a  certain  definiteness  of  form,  in  their  shells  at 
least ;  others,  as  the  Sponges,  are  very  irregular.  The  Zoo- 
phytes and  the  Polyzoa  are  compound  organisms,  most  of 
which  have  a  mode  of  growth  not  more  determinate  than  that 
of  plants.  But  among  the  higher  animals,  we  find  not 
only  that  the  mature  shape  of  each  species  is  very  definite, 
but  that  the  individuals  of  each  species  differ  very  little  in 
size.  A  parallel  increase  of  contrast  is  seen  in  cheniu 

cat  composition.  With  but  few  exceptions,  and  those  only 
partial  ones,  the  lowest  animal  and  vegetal  forms  are  inhabit- 
ants of  the  water ;  and  water  is  almost  their  sole  constituent. 
Desiccated  Protophyta  and  Protozoa  shrink  into  mere  dust ; 
and  among  the  Acalephes,  we  find  but  a  few  grains  of  solid 
matter  to  a  pound  of  water.  The  higher  aquatic  plants,  in 
common  with  the  higher  aquatic  animals,  possessing  as  they 
do  increased  tenacity  of  substance,  also  contain  a  greater  pro- 
portion of  the  organic  elements ;  and  so  are  chemically  more 
unlike  their  medium.  And  when  we  pass  to  the  superior 
classes  of  organisms — ^land-plants  and  land-animals — we  find 
that,  chemically  considered,  they  have  little  in  common  either 
with  the  earth  on  which  they  stand  or  the  air  which  sur- 
rounds them.  In  specific  (gravity  too,  we  may  note 
the  like  truth.  The  very  simplest  forms,  in  common  with 
the  spores  and  gemmules  of  higher  ones,  are  as  nearly  as  may 
be  of  the  same  specific  gravity  as  the  water  in  which  thoy 
float;   and  though  it  cannot  be  said  that  among  aquatio 
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I,  roporior  Hpctitic  gmvilv  ts  a  frtaadjrd  of  gvn 
•upcrioniy,  j-«t  wc  may  fuirly  say  that  Uie  aapcrior  onlei 
tlieni,  when  divmted  ol'  the  applianctis  by  which  tlieir  specific 
grvvily  is  i¥gulatc<l,  difier  mora  rrom  water  in  tlicir  roUtiya 
wctglit  tlian  do  the  lowest.  In  terrestrial  organisms,  the 
I'oiilmst  bocomes  extremely  marked.  Trees  and  plants,  ^n 
toiiimoti  with  tn«ects,  roptilea,  mammala,  birds,  are  nU  of  a 
»pi>L'iHu  gravity  c»nsidcrubly  Itss  than  that  uf  tlic  earth  and 
iinmetimtly  grraitor  than  that  of  tho  air.  Yvt  funlier, 

tve  Aeo  the  law  Miniilurly  fulfilled  in  respect  of  Umperaturt. 
I'latits  gt'DiTulo  but  extremely  small  quantities  of  heat,  which 
nrc  to  be  detected  only  by  very  delicate  experiments ;  and 
practiually  they  may  bu  voimidercd  aa  having  thu  name  tent- 
[wraturu  ua  their  environment.  Tlio  tem[)crature  of  aquatic 
animalt  is  very  little  above  that  of  the  surrounding  water : 
that  uf  the  invertebratu  being  mostly  less  thou  a  degree  abovn 
it,  and  that  of  BshM  not  axc4.<oding  it  by  more  tlian  two  or 
ihrtKi  dogrocs ;  save  in  the  com  of  some  largo  rod-bloodod 
(mIich.  us  the  tunny,  which  oxcecd  it  in  (emperature  by  nearly 
tvn  dcgret«.  Among  insects,  the  range  is  from  two  to  tea 
degrees  above  that  of  tho  air :  the  ezceas  varying  according 
to  thiir  activity.  The  hcut  of  rcptilc«  is  from  four  to  tifleen 
degrifw  more  than  iho  boat  of  their  medium.  While  mam- 
mals and  birds  maintain  a  heat  which  continues  almost  un- 
ft&ected  by  external  variations,  and  is  ofU'n  greater  than  that 
uf  the  air  by  seventy,  eighty,  ninety,  and  even  a  hundred 
decrees.  Once  mom,  in  greater  ael/'mahilily  a  pro. 

gRMBiTe  diiremnttation  ts  traceable.  The  cspeoinl  chamcter- 
ialio  by  which  we  diAttnguinh  dead  matter  is  its  incrtneaa: 
soitio  form  of  independent  motion  is  our  most  general  ir*t  of 
lifw.  FoMing  oviT  the  iiidefinilo  border-land  Iwtween  tlio 
nnimnl  and  vegetal  kingdoms,  we  may  niughly  chuu  [Janla 
OS  organisms  which,  while  they  exhibit  tliat  H[>cci^ft  of  motion 
implied  in  growth,  are  not  only  devoid  of  locomotive  jiower, 
but  with  some  unimportant  exceptions  are  devoid  of  tho 
power  of  movii.g  their  pcrta  in  rdntion  to  etu-b  other ;  and 
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thus  are  less  differentiated  from  the  inorganic  world  than 
animals.  Though  in  those  microscopic  Protaphyta  and  Pro^ 
tozoa  inhabiting  the  water — the  spores  of  algae,  the  gemmules 
of  sponges,  and  the  infusoria  generally — we  see  locomotion 
produced  by  ciliary  action ;  yet  this  locomotion,  while  rapid 
relatively  to  the  size  of  the  creatures,  is  absolutely  slow.  Of 
the  CiBienterata,  a  great  part  are  either  permanently  root-ed  or 
habitually  stationary ;  and  so  have  scarcely  any  self-mobility 
but  that  implied  in  the  relative  movements  of  parts ;  while 
the  rest,  of  which  the  common  jelly-fish  will  serve  as  a  sam- 
ple, have  mostly  but  little  ability  to  move  themselves  through 
the  water.  Among  tne  nigher  aquatic  Invertebrata, — cuttle- 
fishes and  lobsters,  for  instance, — ^there  is  a  very  considerable 
power  of  locomotion ;  and  the  aquatic  Vertebrata  are,  con- 
sidered as  a  class,  much  more  active  in  their  movements  than 
the  other  inhabitants  of  the  water.  But  it  is  only  when  we 
come  to  air-breathing  creatures,  that  we  find  the  vital  charac 
teristic  of  self-mobility  manifested  in  the  highest  degree. 
Flying  insects,  mammals,  birds,  travel  with  a  velocity  far 
exceeding  that  attained  by  any  of  the  lower  classes  of  ani- 
mals ;  and  so  are  more  strongly  contrasted  with  their  inert 
environment.  Thus,  on  contemplating  the  various 

grades  of  organisms  in  their  ascending  order,  we  find  them 
more  and  more  distinguished  from  their  inanimate  media,  in 
ttructure,  in  form,  in  chemical  composition,  in  specific  gravity, 
in  temperature,  in  self -mobility.  It  is  true  that  this  general- 
ization docs  not  hold  with  complete  regularity.  Organisms 
which  are  in  some  respects  the  most  strongly  contrasted  with 
the  environing  inorganic  world,  are  in  other  respects  less  so 
than  inferior  organisms.  As  a  class,  mammals  are  higher 
thiin  birds  ;  and  yet  they  are  of  lower  temperature,  and  have 
smaller  powers  of  locomotion.  The  stationary  oyster  is  of 
higher  organization  than  the  free-swimming  medusa;  and 
the  cold-blooded  and  less  heterogeneous  fish,  is  quicker  in  its 
movements  than  the  warm-blooded  and  more  heterogeneous 
doth.     But  the  admission  that  the  several  aspects  under 
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vhich  thU  incrcaaiDg  contrast  shows  itself,  bear  Tariittil»| 
mtiofl  to  each  other,  does  not  conflict  vritli  the  general  IruUu 
that  us  wo  ascend  in  the  hierarchy  of  orgauiaina,  we  meet  with 
Dot  only  an  iacreosing  dificreutiation  of  parU,  but  aha  an 
increasing  difforcn  tint  ion  from  the  surrounding  medium  in 
sundry  other  physical  attributes.  It  wouhl  ecem  tliut  this 
jK-euUurity  has  some  necessary  connexion  with  superiui 
vital  manifestations.  One  of  those  lowly  gelatinous  forms, 
BO  transparent  and  colourless  as  to  bo  with  diiEcuIty  dis> 
tinguisbcd  from  the  water  it  floats  in,  is  not  more  lilce  its 
medium  in  chemic^il,  mechauij^al,  optical,  thermal,  and  other 
jiropi-rlit-s,  than  it  is  in  the  passivity  witli  which  it  sub- 
mits to  all  the  influences  and  actions  brought  to  bear  upon 
it ;  while  the  muinmal  does  not  more  widely  differ  from 
inanimulu  things  in  these  properties,  than  it  doea  m  the  ac 
tivity  with  which  it  meets  surrounding  changes  by  oompenii- 
ating  changes  in  itself.  And  between  those  two  eitremea, 
WG  shall  observe  a  constniit  ratio  between  these  two  kiudo  of 
contrast.  Whence  wo  mny  say,  that  in  proportion  as  an 
organism  is  physically  like  its  environment,  docs  it  mnain  a 
juumive  partaker  of  the  changes  going  on  in  its  environment ; 
while  in  proportion  as  it  is  endowod  with  powers  of  counter- 
acting such  changes,  it  exhibits  greater  unlikenoes  Ui  its  en- 
rironment." 

If  DOW,  from  this  same  point  of  view,  we  consider  ihs  rttlft- 
li«n  borne  to  its  environment  by  any  superior  orgtmiMn  ia 
its  successive  stages,  we  find  an  analogous  series  of  cod- 
tntslji.  Of  conrao  in  respect  of  degrees  of  ttrtictarc,  tlio 

parallelism  is  complete.  Tlie  diffUrenoo,  at  (irat  small,  be- 
tween tbo  comparatively  stnicturelrat  germ  and  the  com- 
]Rirativ6ty  structureleas  inorganic  wnrhl,  bncomos  neccMnrily 
greater,  step  by  step,  as  the  differentiations  of  the  germ  be- 
come moro  numerous  and  definiw.  How  of  Jhnu 
the  liku  holds,  is  rqnally  manifest.      The  sphere,  which  is 

*  TbU  twngraph  orisiiuHj  GnsMd  part  »f  ■  mira-ullcU 
111  njri^A-tfj,"  pMU'iti  in  IW 
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the  point  of  departure  common  to  all  organisms,  is  the  most 
generalized  of  figures ;  and  one  that  is,  under  various  circum* 
stances,  assumed  by  inorganic  matter.  While  the  incipient 
organism  is  spherical,  it  is  not  only  like  many  particular  in- 
organic masses ;  but  it  is  like  the  rest,  in  the  sense  that  it  has 
the  shape  which  would  result,  were  all  their  irregularities 
averaged.  But  as  it  develops,  it  loses  all  likeness  to  inor- 
ganic objects  in  the  environment ;  and  eventually  becomes 
distinct  even  from  all  organic  objocts  in  its  environ- 
ment. In  ipecific  gravity ^  the  alteration,  though  not 
very  marked,  is  still  in  the  same  direction.  Development 
being  habitually  accompanied  by  a  relative  decrease  in  the 
quantity  of  water,  and  an  increase  in  the  quantity  of  consti- 
tuents that  are  heavier  than  water,  there  residts  a  small  aus^ 
mentation  of  relative  weight.  In  power  of  maintain- 
ing a  temperature  above  that  of  surrounding  things,  the 
differentiation  from  the  environment  that  accompanies  deve- 
lopment, is  marked.  All  ova  are  absolutely  dependent  for 
their  heat  on  external  sources.  Like  inorganic  bodies,  they 
gain  or  lose  heat  according  as  neighbouring  bodies  are  colder 
or  hotter.  The  mammalian  young  is,  during  its  uterine  life, 
dependent  on  the  maternal  heat ;  and  at  birth  has  but  a  par- 
tial power  of  making  good  the  loss  by  radiation.  But  as  it 
advances  in  development,  it  gains  an  abUity  to  maintain  a 
constant  temperature  above  that  of  surrounding  things :  so 
becoming  markedly  imlike  all  surroimding  things,  save  or- 
ganisms of  allied  nature.  Lastly,  in  self-mobility  this 
increasing  contrast  is  not  less  decided.  Save  in  a  few  aber- 
rant tribes,  chiefly  parasitic,  we  find  the  general  fact  to  be, 
that  the  locomotive  power,  totally  absent  or  very  small  at  the 
outset,  increases  with  the  advance  towards  maturity.  The 
more  highly  developed  the  organism  becomes,  the  stronger 
grows  the  contrast  between  its  activity  and  the  inertness  of 
the  objects  amid  which  it  moves. 

Thus  we  may  say  that  the  development  of  an  individual 
organism,  is  at  the  same  time  a  differentiation  of  its  parts 
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from  each  other,  and  a  difTurentiation  of  the  consoHdatoil 
wbolo  from  tlie  cuviromaeiit ;  and  that  in  tlie  lust  as  ld  tlifl 
first  respect,  there  is  a  general  analogy  between  the  progre«- 
Bion  of  an  individual  organism,  and  the  progresiioQ  from  the 
lowest  orders  of  organisms  to  the  highest  orders.  It 

may  be  remarked  that  some  kinship  eeema  lo  exist  between 
these  generalizations  and  the  doctrine  of  Sehclling,  thnt  Life 
is  the  tendency  to  individuation.  For  evidently,  in  bccoio*  : 
ing  more  distinct  from  each  other,  and  from  their  environ* 
meut,  organisms  acquire  more  marked  individualities.  Am  { 
far  as  I  can  gather  from  outlines  of  hia  philosophy,  however, 
it  uppiurs  that  SchelUng  entertained  this  conception  in  a 
general  and  transcendental  sense,  rather  than  in  a  opeciul  and 
acientiEo  one. 

ji  54.  Tbo  deductive  intcrpretutious  of  these  gCQcrul  focM'' 
of  development,  in  »o  far  as  ihey  are  at  present  possible,  must 
be  postponed  until  we  arrive  at  the  fourth  and  fifth  divisions  of 
this  work  ;  which  will  be  chiefly  occupied  with  them.  There 
kre.  however,  one  or  two  general  aspects  of  these  inductions, 
which  may  be  hero  most  conveniently  dealt  with  doductively. 

The  general  law  of  deTclupment  us  displayed  in  organisniR, 
is  readily  shown  to  be  necessary,  if  the  initial  and  terminal 
stagfs  are  such  as  wo  know  them  to  be.  Grant  that  each 
organism  is  at  the  outset  hotnogeneous,  and  that  when  com- 
plete it  ia  rt-Intively  hiHcrogcnrous;  and  of  necessity  it  fol- 
lows that  development  is  a  change  from  the  homogeneous 
to  tli«  hcterof^cnoouB — a  chan<ro  during  which  there  must  be 
gone  through  all  the  inlinititiimal  gmdations  of  hetcrogrnoity 
that  lie  between  these  extremes.  If,  again,  there  is  at  first 
i udr Gnitencus,  and  nt  last  ile6niteness,  the  transition  cannot 
butbefrom  theone  totheoth^rof  Ihese,  thmnghall  intfrme<li- 
atu  degrv<w  of  dcfiniteness.  Further,  if  the  parls,  originally 
incoherent  or  uucorabinod,  ovrnttuUy  become  relatively  eo* 
hercnt  or  combined ;  llioro  must  be  a  eontinuouit  inorvoae  ol 
eobercnoo  ur  combination,      nimeo  the  general   truth  that  j 
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doyelopment  is  a  change  from  incoherent,  indefinite  homo- 
geneity, to  coherent,  definite  heterogeneity,  becomes  a  self- 
evident  one,  when  observation  has  shown  ns  the  state  in 
which  organisms  begin,  and  the  state  in  which  they  end. 

Just  in  the  same  way  that  the  growth  of  an  entire  organ- 
ism, is  carried  on  by  abstracting  from  the  environment 
substances  like  those  composing  the  organism ;  so  the  pro- 
duction of  each  organ  within  the  organism,  is  carried  on  by 
abstracting  from  the  substances  contained  in  the  organism, 
those  required  by  this  particular  organ.  Each  organ  at  the 
expense  of  the  organism  as  a  whole,  integrates  with  itself 
certain  special  kinds  and  proportions  of  the  matters  circulat- 
ing around  it ;  in  the  same  way  that  the  organism  as  a 
whole,  integrates  with  itself  certain  special  kinds  and  propor- 
tions of  matters  at  the  expense  of  the  environment  as  a 
whole.  So  that  the  organs  are  qualitatively  differentiated 
from  each  other,  in  a  way  analogous  to  that  by  which  the  en- 
tire organism  is  qualitatively  differentiated  from  things 
aroimd  it.  Evidently  this  selective  assimilation 

illustrates  the  general  truth,  demonstrable  a  priori,  that  like 
units  tend  to  segregate.  It  illustrates,  moreover,  the  further 
aspect  of  this  general  truth,  that  the  pre-existence  of  a  mass 
of  certain  units,  produces,  probably  by  polar  attraction,  a 
tendency  for  diffused  imits  of  the  same  kind  to  aggregate 
with  this  mass,  rather  than  elsewhere.  It  has  been  shown  of 
particular  salts,  A  and  B,  co-existing  in  a  solution  not  suf* 
ficiently  concentrated  to  crystallize,  that  if  a  crystal  of  the  salt 
A  be  put  in  o  the  solution,  it  will  increase  by  uniting  with  itself 
the  dissolved  atoms  of  the  salt  A ;  and  that  similarly,  though 
there  otherwise  takes  place  no  deposition  of  the  salt  B,  yet  if 
a  crystal  of  the  salt  B  is  placed  in  the  solution,  it  will  exercise 
a  coercive  force  on  the  diffused  atoms  of  this  salt,  and  grow  at 
their  expense.  No  doubt  much  organic  assimilation  occurs 
in  the  same  way.  Particular  parts  of  the  organism  are  com- 
posed of  special  units,  or  have  the  function  of  secreting 
special  units,  which  are  ever  present  in  them  in  large  quan- 
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titles.  Tho  fliiida  cirrulating  through  tLe  body  contain 
special  units  of  this  same  order.  And  them  diftusod  units 
sre  continually  beinj;  deposited  along  with  the  groups  of  like 
uiiiU  that  already  exist.  Uov  purely  physical  are  the  causes 
of  this  sclecti\o  uasimilation,  is,  indoed,  conclusively  shown 
by  tho  fuct,  that  Bbnormal  constiluonl^  of  the  blood  are 
Begregralod  in  the  sume  way.  Canoer-oollB  haviDg  begun  to 
be  deposited  at  a  particular  place,  continue  to  be  deposited  at 
that  place.  Tubercular  matter,  making  its  appearance  at  1 
particular  points,  collects  more  and  more  round  those  pointo.  / 
And  similarly  in  numerous  pustular  diseases.  W'liere 

the  compouont  units  of  an  organ,  or  some  of  them,  do  not 
exist  as  such  in  the  (urculating  fluids,  but  arc  fonued  out  of 
elt-iiii'nts  or  cnmjiounils  that  exist  separately  in  the  circulat- 
ing fluiils ;  it  is  clear  that  tho  process  of  differential  aasimil- 
atiou  is  of  a  more  complex  kind.  Still,  however,  it  seems 
not  impussiblc  that  it  is  carried  on  in  an  analogous  way.  If 
there  bo  an  aggregate  of  compound  atoms,  each  of  which 
contains  the  c^iistituctits  A,  I),  C  ;  and  if  round  this  Bggro> 
f^nto  the  constituents  A  and  B  and  C  are  dilfusod  iu  uttcum* 
bined  states ;  it  may  be  sii8p<^«tvd  that  the  coercive  polar  fores  i 
of  thcae  aggregated  coniiwund  atoms  A,  B,  <I,  may  not  only 
bring  into  union  with  themselves  adjacent  compound  atiima 
A,  B,  C,  but  may  cause  the  adjacent  constituents  A  and  R 
»nd  C  to  unite  into  such  compound  atoms,  and  then  aggre- 
gate villi  tho  mass.  Should  this  be  so,  tho  process  of  dill'er- 
entiol  assimilation,  which  plays  so  important  a  part  fa 
orgouio  development,  will  uul  bo  dilBcidt  to  understand.  At 
present,  however,  chemical  inquiry  appears  to  have  fiiruished 
DO  evidence  either  for  or  against  such  an  hypotheaia. 


(3HAPTER  m. 


FUNCTION. 


S  55.  Does  Structure  originate  Functioiii  or  docs  Fuiic- 
lioii  originate  Structure  P  is  a  question  about  which  there  has 
been  disagreement.  Using  the  word  Function  in  its  widest 
signification,  as  the  totality  of  all  vital  actions,  the  question 
amounts  to  this — does  Life  produce  Organization,  or  does 
Organization  produce  Life  P 

To  answer  this  question  is  not  easy,  since  we  habitually 
find  the  two  so  associated  that  neither  seems  possible  without 
the  other;  and  they  appear  uniformly  to  increase  and 
decrease  together.  If  it  be  said  that  the  arrangement  of  or- 
ganic substances  in  particular  forms,  cannot  be  the  ultimate 
cause  of  vital  changes,  which  must  depend  on  the  properties 
of  such  substances ;  it  may  be  replied  that,  m  the  absence  of 
structural  arrangements,  the  forces  evolved  cannot  be  so 
directed  and  combined  as  to  secure  that  correspondence 
between  inner  and  outer  actions  which  constitutes  Life. 
Again,  to  the  allegation  that  the  vital  activity  of  every  germ 
whence  an  organism  arises,  is  obviously  antecedent  to  the 
development  of  its  structures ;  there  is  the  answer  that  such 
germ  is  not  absolutely  structureless,  but  consists  of  a  mass  of 
cells,  containing  a  cell  that  differs  from  the  rest,  and  initiates 
the  developmental  changes.  There  is,  however,  one 

fact  implying  that  Function  must  be  regarded  as  taking  pre- 
oede&oe  of  Structure.     Of  the  lowest  Rhizopods,  which  pre- 
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eciit  DO  distinctions  of  \tarta,  ai)d  nevorthelraa  feed  an<l 
grow  und  move  abuut.  Prof,  Huxk-y  has  remarked  that  tbcy 
exhibit  Life  without  Orgauization.  The  perpetual  ghunges  oi 
form  which  alono  diatin^isli  ono  of  tbpse  creatures  frum  an 
inanimal'e  fragment,  arc  no  doubt  totally  irn'gulur  and  un- 
directed. Still  they  do,  through  an  average  of  accidents, 
Biibsorve  the  creatures'  Dutrition ;  and  they  do  imply  an  ex- 
penditure of  force  that  in  some  way  depends  on  tbf  conaump- 
tJon  of  nutriment.  They  do,  thoruforc,  tho#gh  in  the  rudi»t 
way,  diaplaya  vital  adjustment  of  int«rnal  to  cxtcrnul  rulalions. 

I  56.  Function  falls  into  divisions  of  several  kinds, 
cording  to  our  point  of  view.  Ijct  us  take  these  diviiiiuRa 
the  order  of  their  simplicity. 

Under  Function  in  is  widest  sense,  ore  included  both 

statical   ntld    ihp    ilypn  mii.nl    Hi.trilmtinim   nf  tgn-n   win.- 

organism  opposes  to  tl>o  forcta  brought  to  bear  on  it.  In 
tree,  the  woody  core  of  trunk  and  bratiches,  and  in  an  unimal, 
the  skeleton,  internal  or  external,  rauy  bo  rt-garded  ix»  pus- 
sivi'Iy  resisting  the  gravity  and  momentum  which  tend 
habitually  or  occasiouully  to  derungo  t)ie  requisite  relations 
between  tho  organisiQ  and  its  environment;  and  since  ihfy 
resist  ihcee  forces  simply  by  their  cohesion,  their  functions 
may  be  claased  a»  ttatical.  Conversely,  the  leaves  and  sap- 
vessela  in  a  troOi  and  those  organs  which  in  an  animal 
similarly  carry  on  nutrition  and  circulation,  us  well  as  those 
which  goaorate  and  din-ct  rau^ular  motion,  must  be  con- 
sidertrd  as  dynamical  in  their  actions.  From  unolhcr 

point  of  view,  TunutloiTU  divisible  into  the  aefHrnalation  q/ 
force  (latent  in  food)  j  the  t^pniditiirc  of  forcn  (latent  in  t 
1  issues  und  certain  matters  obsorbed  by  thiin) ;  and  I 
Iran^frr  of  fores  (latent  in  the  prepared  nulrimcnl  or  blood) 
from  the  parts  which  aucumutato  to  the  parts  which  cxjx^nd. 
In  plants  we  stxt  Httlo  bcyoud  iho  Urst  of  theno  :  ex[M-nditura 
being  inappreciable,  and  transfer  nxiuircd  only  to  faoilitAto J 


i 
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accumu'iaiion.  In  animals,  the  function  of  accumulation 
comprehends  those  processes  by  which  the  materials  contain- 
ing latent  force  are  taken  in,  digested,  and  separated  from 
other  materials  ;  the  function  of  tranafcr  comprehends  those 
processes  by  which  these  materials,  and  such  others  as  are 
noedfiil  to  liberate  the  forces  they  contain,  are  conveyed 
throughout  the  organism;  and  the  function  of  expenditure 
comprehends  those  processes  by  which  the  forces  are  liberated 
from  these  materials,  and  transformed  into  properly  co-ordin- 
ated motions.  Each  of  these  three  most  general 
divisions,  includes  several  more  special  divisions.  The  accu- 
mulation of  force  may  be  separated  into  alimentation  and 
aeration;  of  which  the  first  is  again  separable  into  the 
various  acts  gone  through  between  prehension  of  food  and 
the  transformation  of  part  of  it  into  blood.  By  the  transfer 
of  force  is  to  be  understood  what  we  call  circulation;  if  the 
meaning  of  circulation  be  extended  to  embrace  the  duties  of 
both  the  vascular  system  and  the  lymphatics.  Under  the 
head  of  expenditure  of  force,  come  nervous  actions  and  mus- 
eular  actions:  though  not  absolutely  co-extensive  with  ex- 
penditure, these  are  almost  so.  Lastly,  there  are  the 
subsidiary  fiinctions  which  do  not  properly  fall  within  any 
of  these  general  functions,  but  subserve  them  by  removing 
the  obstacles  to  their  performance :  those,  namely,  of  ex^ 
cretion  and  exhalation^  whereby  waste  products  are  got 
rid  of.  Again,  disregarding  their  purposes  and 
considering  them  analytically,  the  general  phjrsiologist  may 
consider  functions  in  their  widest  sense  as  the  correlatives  of 
tissues — the  actions  of  epidemic  tissue,  cartilaginous  tissue, 
elastic  tissue,  connective  tissue,  osseous  tissue,  muscular 
tissue,  nervous  tissue,  glandular  tissue.  Once  more, 
physiology  in  its  concrete  interpretations,  recognizes  special 
functions  as  the  ends  of  special  organs — ^regards  the  teeth  as 
having  the  office  of  mastication ;  the  heart  as  an  apparatus 
to  propel  blood ;  this  gland  as  fitted  to  produce  one  requisite 
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•ecretion  and  that  to  produce  another ;  each  muscle  as  tlto 
kgcnt  of  a  particular  motion  ;  each  nervo  aa  the  vehicle  of  a 
special  Hensation  nr  a  special  motor  impulse. 

It  18  clear  that  dealing  with  Biology  only  in  its  larger 
Bapootfl,  spocialitios  of  function  do  not  concern  us  ;  except  in 
80  fur  aa  they  serve  to  illustrate,  or  to  qualify,  it*  gcnarnl- 
ities 


g  57.  The  first  induction  to  be  here  set  down,  is  a 
familiar  and  obvious  one :  the  induction,  namely,  that  coin- 
plcxily  of  fuiictiou,  is  the  correlative  of  complexity  of  struf- 
lurc.  The  leading  aspect*  of  this  truth  must  be  briefly  noted. 
Where  there  are  no  dJatinctiona  of  structure,  there  are  no 
distinctions  of  function.  One  of  the  Rhizopoda  aboio 
"insfancc?  as  exhibiting  life  without  organisation,  will  eervo 
as  an  illustration.  From  the  outside  of  this  creature, 
which  has  not  even  a  limiting  membrane,  there  are  protruded 
Dumerous  thread-like  processes.  Originating  from  any  point 
of  the  surface,  each  of  these  may  contract  again  n»d  disap- 
pear ;  or  it  may  touch  some  fragment  of  nutriment,  which  it 
draws  with  it,  when  contracting,  into  the  general  mass— thus 
nerving  as  hand  and  mouth  ;  or  it  may  eome  in  contact  nith 
Its  fellow-processos  at  a  distance  from  the  body,  and  become 
conducnt  with  them  ;  or  it  may  attach  itself  to  on  ndjoconi 
fixi-d  object,  and  help  by  its  contraction  to  draw  the  body 
into  a  new  poBition,  In  bnef^.  tlija^structorclees  apouk  of 
gnimated  jelly,  is  at  onoo  all  stomach,  alt  sktn,  all  month,  ol! 
Jimb,  anijduMltljfiBg^_too,  all  lu^:;.    ""  Tn  "organTsIns 

having  a  fixed  dislribuLion  of  parts,  thor<:  is  a  concumilant 
fixed  ditttribntion  of  actions.  Among  plants  we  see  ihal 
when,  instead  of  a  uniform  tiasno  like  that  of  the  Aiyit, 
evsrywhcru  devoted  to  the  aamo  pruceas  ol"  aB&iniilation, 
there  arise,  as  in  the  Kxogens,  root  and  atom  and  leuvo*, 
ihcro  arisD  currcnpondin^Lily  unlJka  procussos.  Still  more  cod- 
BpicaooUy  among  aniiuala,  do  tliere  result  varieUes  of  ftuiction 
when  tlie  orijriuaUy  hcmogonoom  luaaa  ia  replaced  by  lietero- 
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leous  organai  since  both  singly  and  by  their  combinations, 
do  modified  parts  generate  modified  changes.  Up  to 

the  highest  organic  types,  this  dependence  continues  mani* 
fest ;  and  it  may  be  traced  not  only  under  this  most  general 
form,  but  also  under  the  more  special  form,  that  in  animals 
haying  one  set  of  functions  developed  to  more  than  usual 
heterogeneity,  there  is  a  correspondingly  heterogeneous  ap- 
paratus devoted  to  them.  Thus  among  birds,  which  have 
more  varied  locomotive  powers  than  mammals,  the  limbs  are 
more  widely  difierentiated ;  while  mammals,  which  rise  to 
more  numerous  and  more  involved  adjustments  of  inner  to 
outer  relations  than  birds,  have  more  complex  nervous 
systems* 

§  58.  It  is  a  generalization  almost  equally  obvious  with 
the  last,  that  functions,  like  structures,  arise  by  progressive 
differentiations.  Just  as  an  organ  is  nrst  an  maennite  ruciU 
ment,  having  nothing  but  some  most  general  characteristic 
in  common  with  the  form  it  is  ultimately  to  take;  so  a 
function  begins  as  a  kind  of  action  that  is  like  the  kind  of 
action  it  will  eventually  become,  onlv  in  a  very  vague  way. 
And  in  functional  development,  as  in  structural  development, 
the  leading  trait  thus  early  manifested,  is  followed  success- 
ively by  traits  of  less  and  less  importance  lliis  holds 
equally  throughout  the  ascending  grades  of  organisms,  and 
throughout  the  stages  of  each  organism.  Let  us  look  at 
cases :  confining  our  attention  to  animals,  in  which  func- 
tional development  is  better  displayed  than  in  plants 

The  first  differentiation  established,  separates  the  two 
fiindamentally-opposed  functions  above  named — the  accumu- 
lation of  force  and  the  expenditure  of  force.  Passing  over 
the,  {Protozoa  among  which,  however,  such  tribes  as  present 
fixed  distributions  of  parts  show  us  substantially  the  same 
thing),  and  commencing  with  the  lowest  Ccelenterata,  where 
definite  tissues  make  their  first  appearance,  wo  observe  that 
the  only  marked  functional  distinction  is  between  the  endo* 
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derm,  wluuti  ul^uriis  unlrl  incut,  mid  tlic  tt-toduriii,  whii;h,  hj 
its  own  cuatracticins  awl  those  of  the  tcnUcloa  it  boars,  pra- 
duccH  motioa.  That  the  fuiictiooa  of  accumalatioii  and  ex- 
penditure are  here  very  inconi|]lclcly  distinguished,  may  bo 
odmitt^Hl  withimt  affecting  tho  position  that  this  is  the  first 
apecialixutton  whiuh  begins  to  uppcur.  The»e  two 

moat  general  ond  most  radically-opjiosod  functions,  become, 
in  the  Poti/zon,  iniiuh  more  clciirly  marked-off  frum  oarh 
c>ther ;  ut  the  sumo  lime  thai  each  of  them  becomes  partially 
divided  into  aubordinato  functiona.  The  endodcrra  and 
octodemi  nre  no  longer  merely  the  inner  and  outer  walls  of 
the  aamo  simple  aac  into  which  the  food  is  drawn  ;  but  tho 
vnduderm  forms  a  true  alimentary  canal,  aeparatcd  from  tlio 
ectijderni  by  a  peri-visceral  ca^'ity,  conliiiniug  tho  nuLrilivo 
niatt«rs  absorbed  from  the  food.  That  is  to  say,  tho  function 
of  accumulating  force  is  cxcrciitcil  by  u  part  distinctly  dividtnl 
from  tho  part  mainly  occupied  in  expending  force :  thu 
spoco  between  them,  full  of  absorbed  nutriment,  etfecting  in 
a  vague  way  that  transfer  of  force  which,  at  a  higher  aiuge  of 
evolution,  becomes  a  third  leading  function.  Meanwhile,  the 
endodcrm  no  longer  discharges  the  accumulative  function 
in  the  aani«  way  Uinmghout  ita  whole  extent ;  but  its  differ- 
cut  portinu*,  iGsophagus,  stomach  and  int^^tino,  perrorm 
diSerent  portions  of  this  function.  And  instead  of  a  con- 
tractility uniformly  diffused  through  tho  ectodcnn,  llicro 
have  arisen  in  it,  some  parts  which  have  thw  office  of  con- 
traoiing  (miwc^Irn),  and  some  parts  which  have  tho  oHico  »f 
making  them  contract  (nerve*  and  ganglia).  As  we 

pass  tipwanls,  the  transfer  of  force,  hitliorto  efic-ctcd  quite 
incidentally,  coiik^i  lo  have  a  spijcinl  organ.  In  the  ascidion 
molluscs,  rirculution  is  produced  by  a  muscular  tube,  open  ut 
both  etuis,  which,  bj  a  wave  of  contraction  passing  along  it, 
■ends  out  at  one  end  'he  nutrient  fluid  drawn  in  at  the 
other ;  and  which,  having  thu*  ])r>ipcllod  the  fluid  for  a  time 
in  one  direclion,  reverses  its  movement  and  prupcls  it  ii 
Opposite  dirccliou.     Uy  aiuU  meau*  does  tiiia  rudiuoi 
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heart  generate  alternating  currents  in  the  crude  and  dilute 
nutriment  occup3ring  the  peri- visceral  cavity.  How  the  func- 
tion of  transferring  force,  thus  vaguely  indicated  in  these  in- 
ferior forms,  comes  afterwards  to  be  the  definitely-separated 
office  of  a  complicated  apparatus  made  up  of  many  parts,  each 
of  which  has  a  particular  portion  of  the  general  duty,  need 
not  be  described.  It  is  sufficiently  manifest  that  this  general 
function  becomes  more  clearly  marked-off  from  the  others, 
at  the  same  time  that  it  becomes  itself  Darted  into  subordinate 
timctions 

In  a  developing  emorvo,  tne  functions  or  more  strictly 
the  structures  whicn  are  to  perform  tnem,  arise  in  the  same 
general  order.  A  like  primarv  distinction  very  early  ap- 
pears between  the  endoderm  and  the  ectoderm — the  part 
which  has  the  office  of  accumulating  force,  and  the  part  out 
^f  which  grow  those  organs  that  are  the  great  expenders  of 
force  Between  these  two  there  presently  becomes  visible 
the  rudiment  of  that  vascular  system,  which  has  to  fulfil  the 
intermediate  duty  of  transferring  force.  Of  these  three 
•reneral  functions,  that  of  accumulating  force  is  carried  on 
from  the  outset :  the  endoderm,  even  while  yet  incompletely 
differentiated  from  the  ectoderm,  absorbs  nutritive  matters 
from  the  subjacent  yelk  The  transfer  of  force  is  also  to 
some  extent  efiected  by  the  rudimentary  vascular  system,  as 
soon  as  its  central  cavity  and  attached  vessels  are  sketched 
out  But  the  expenditure  of  force  (in  the  higher  animals  at 
leasts  is  not  appreciably  displayed  by  the  ectodermic  struc- 
tures tiiat  are  afterwards  to  be  mainlv  devoted  to  it :  there 
IB  no  sphere  for  the  actions  of  these  parts.  Similarly 

with  the  chief  subdivisions  of  these  fundamental  functions. 
If  we  look  at  those  discharged  by  the  ectoderm,  potentially 
if  not  actually,  we  see  that  the  distinction  first  established 
separates  the  office  of  transforming  other  force  into  mechani 
(al  motion,  from  the  office  of  liberating  the  force  to  be  so 
transformed — in  the  midst  of  the  part  out  of  which  the  mus- 
cular system  is  to   be  developed,  there  is  marked-out  the 
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rudiment  of  the  nervouB  syatem.  This  indication  of  strw^ 
turea  ntiicli  are  to  ehare  between  them  the  general  duty  of 
expending  force,  is  soon  followed  by  changt^s  that  foreshadow 
further  speciuli Kit  ions  of  this  general  duly.  In  the  incipient 
Derrous  system,  there  begins  to  arise  that  contrast  between 
the  rerehral  mass  and  the  spinal  cord,  which,  in  the  main, 
answers  to  the  division  of  nervous  actions  into  directive 
und  executive;  and  at  the  same  time,  the  appearance  of 
Yurt«bral  laintnis  foreshadows  the  separation  of  the  osseous 
system,  which  hoa  to  resist  the  strains  of  muscular  action, 
ttoia  the  muscular  sj'stem,  which,  in  generating  motion,  en- 
tails these  strains.  Simultaneously  there  have  been  going 
on  similar  actual  and  potential  specializations  in  the  (unctions 
of  accumulating  force  und  transferring  force.  Aud  through* 
out  all  subsequent  phages,  the  method  is  substantially  the 


This  progress  from  general,  indefinite,  and  simple  kinds 
of  action,  to  special,  definite,  and  complex  kinds  of  action, 
has  been  nptly  tonnod  by  Milne-Edwards,  the  "  physio- 
logical division  of  labour."  Perhaps  no  metaphor  can  more 
truly  express  the  nature  of  this  advance  from  vitul  activity 
in  itfl  lowest  forms  to  vital  activity  in  its  highest  forms. 
And  probably  the  general  reader  cannot  in  any  other  way 
obtain  MO  cWr  a  cnncoptton  of  functional  development  in 
organisms,  as  he  can  by  tracing  out  functional  development  in 
•ocietiea :  noting  how  then:  Hrtit  comes  a  distinction  between 
the  governing  cinss  and  the  governed  chuu ;  how  while  in 
the  governing  cIum  there  slowly  grow  up  such  difference*  of 
duty  as  the  civil,  military,  and  eot^'Ieaiosticul,  there  arise  in 
tho  gorenuid  cIwm,  fundamentally  industrial  dilTercncea  like 
tlioK  between  agriculturists  and  artizona ;  and  how  there  it 
•  continual  multiplicution  of  such  specialized  occupations, 
and  specialized  aharcs  of  each  occupation. 


I  Sf).     Fully  to  understand  this  change  from  homogeneity 
to  heterogcuejly  of  function,  which  accompanies  the  change 
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firom  homogeneity  to  heterogeneity  of  structure,  it  is  needful 
to  contemplate  it  under  a  converse  aspect.  Standing  alone, 
the  above  exposition  convoys  both  an  inadequate  and  an 
erroneous  idea.  The  divisions  and  subdivisions  of  function, 
becoming  definite  as  they  become  multiplied,  do  not  lead  to 
a  more  and  more  complete  independence  of  functions ;  as 
they  would  do  were  the  process  nothing  beyond  that  just  de- 
flcribed;  but  by  a  simultaneous  process  they  are  rendered 
more  mutually  dependent.  VVliile  in  one  respect  tney  are 
separating  from  each  other,  they  are  in  another  respect  com* 
^pniTijy  yrith  oach  otBier.  At  the  same  time  tnat  tnev  ans 
bein  j  diiferentiated,  they  are  also  being  integrated.  Some 
illustrations  will  make  this  plain. 

In  animals  which  display  little  beyond  the  primary  dif- 
ferentiation of  functions,  the  activity  of  that  part  which 
absorbs  nutriment  or  accumulates  force,  is  not  immediately 
bound  up  with  the  activity  of  that  part  which,  in  producing 
motion,  expends  force.  In  the  higher  animals,  however,  the 
performance  of  the  alimentary  functions  depends  on  the  per- 
formance of  various  muscular  and  nervous  functions.  Masti- 
cation  and  swallowing  are  nervo-muscular  acts;  the  ryth- 
mical contractions  of  the  stomach  and  the  allied  vermicular 
motions  of  the  intestines,  result  from  the  stimulation  of  cer- 
tain muscular  coats  by  the  nerve-fibres  distributed  through 
them  ;  the  secretion  of  the  several  digestive  fluids  bji  their 
respective  glands,  is  due  to  nervous  excitation  of  them  ;  and 
digestion,  besides  requiring  these  special  aids,  is  not  properly 
performed  in  the  absence  of  a  continuous  discharge  of  energy 
from  the  great  nervous  centres.  Again,  the  function 

of  transferring  nutriment  or  latent  force,  from  part  to  part, 
though  at  first  not  closely  connected  with  the  other  frinctions, 
eventually  becomes  so.  The  short  contractile  tube  which 
propels  backwards  and  forwards  the  crude  dilute  blood  con- 
tained in  the  perivisceral  cavity  of  an  infenor  mollusc,  is 
neither  structurally  nor  functionally  much  entangled  with 

the  creature's  other  orerans.    But  on  passing  upwards  through 
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the  higher  inoUusca,  in  whitli  this  eimplc  tube  ia  roplaued 
Ly  a  system  of  brauched  tubes,  that  deliver  their  ooat«nta 
through  their  open  ends  into  the  tissues  at  distant  ports; 
and  on  coming  to  those  advanced  typtsa  of  animuls  whiuh 
have  closed  arterial  and  venous  systems,  ramifying  minutely 
in  every  corner  of  every  organ ;  we  find  that  the  vascular 
apparatus,  while  it  has  become  structurally  interwoveu 
vith  the  whole  body,  has  become  unable  to  fulfil  its 
ollleo  without  the  help  of  olHccs  that  are  quite  soparoted  from 
ils  own.  The  heart  is  now  a  complex  pump,  worked  by 
powerfid  muscles  thut  nro  excited  by  a  local  nervous  system ; 
unil  the  general  niTvous  system  also,  t^kes  a  share  in  re)(U- 
latiiig  the  contraetiona  both  of  the  heart  and  of  all  the 
arteries.  On  tlio  due  discharge  of  the  respiratory  function, 
too,  the  function  of  circulation  is  directly  dependent :  if  tho 
Ber.itii)ti  of  the  blood  ia  impeded,  th  <  vawjular  activity  ta 
liiwert<d  ;  and  arrest  of  the  one  very  anon  causes  stopjuge  of 
tlie  other.  Similarly  with  iho  duties  of  the  norvo- 

ntu^uliif  system.  Animuls  of  low  organ iwitiou,  in  which 
the  difiereutiation  and  int<>gration  of  tho  vital  actions  have 
not  bt<cn  carried  far,  will  move  about  for  a  considerable  time 
at^'T  l«'nB  eviscerated,  or  duprived  of  those  nppliauccs  by 
which  force  is  uccuTnuIutod  and  transferred.  But  animals  of 
high  organization  ore  insituntly  killed  by  llie  removal  of 
these  appliances,  and  even  by  the  injury  of  minor  pitrtji  of 
them  :  n  dog's  niovoiiicnt«  arc  nuddenly  brought  to  un  end,  by 
cutting  one  of  the  main  canals  along  which  the  materials 
that  evolvu  movements  are  conveyed.  l*huB  while 

iu  wi^ll-duvi^Uipt^  creatures  the  distinction  of  functions  is 
very  marked,  the  oombioation  of  functions  is  very  close. 
From  instant  to  instant,  tlio  Buratiun  of  blood  implies  thut 
certain  rapiratory  muscles  are  being  made  to  contract  by 
oertaa  nerves;  and  tliat  ttiu  heart  is  duly  propelling  the 
blood  to  be  aerated.  From  instant  to  instant  digestif 
oeeds  only  on  condition  that  there  is  a  supply  of  acntlec 
and  ■  doe  corrcnt  of  nervous  energy  througfi  the  dii;est 
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orptans.  That  the  heart  may  act,  it  mast  from  inBtant  to  in- 
stant be  excited  by  discharges  from  certain  ganglia;  and 
l.be  discharges  from  these  ganglia  are  made  possible,  only  by 
the  conveyanco  to  them,  from  instant  to  instant,  of  the 
blood  which  tim  heart  propels. 

It  is  not  easy  to  find  an  adequate  expression  for  this  double 
rc-distributiou  of  functions.  It  is  not  easy  to  realize  a  trans- 
formation throrigh  which  the  functions  thus  become  in  one 
sense  separated  and  in  another  sense  combined,  or  even  in- 
terfused. Here,  however,  as  before,  an  analogy  drawn  from 
social  organization  helps  us.  If  we  observe  how  the  increas- 
ing division  of  labour  in  societies,  is  accompanied  by  a  closer 
co-operation ;  and  how  the  agencies  of  difierent  social  actions, 
while  becoming  in  one  respect  more  distinct,  become  in  an- 
other respect  more  minutely  ramified  through  each  other ; 
we  shall  understand  better  the  increasing  physiological  co- 
operation that  accompanies  increasing  physiological  division 
of   labour.  '         Note,   for  example,   that  while  local 

divisions  and  classes  of  the  community  have  been  grow- 
ing unlike  in  their  several  occupations,  the  carrying  on  of 
their  several  occupations  has  been  growing  dependent  on 
the  due  activity  of  that  vast  organization  b>  which  sus- 
tenance is  collected  and  diffused.  During  the  early  stages 
of  social  development,  every  small  group  of  people,  and  often 
every  family,  obtained  separately  its  own  necessaries;  but 
now,  for  each  necessary,  and  for  each  superfluity,  there  ex- 
ists a  combined  body  of  wholesale  and  retail  distributors, 
w)iich  brings  its  branched  channels  of  supply  within  reach 
of  all.  While  each  citizen  is  pursuing  a  business  that  does  not 
immediately  aim  at  the  satisfaction  of  his  personal  wants,  his 
personal  wants  are  satisfied  by  a  general  agency  that  brings 
from  all  places  commodities  for  him  and  his  fellow-citizens 
— an  agency  which  could  not  cease  its  special  duties  for  a  few 
days,  without  bringing  to  an  end  his  own  special  duties  and 
tuose  of  most  others.  Consider,  again,  how  each 

of  these  differentiated  functions  is  everywhere  pervaded  by 


I 
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certain  otLcr  diSbronliutGd  functiooa.  Merchmtts,  maun- 
fucturers,  wholesale  distributars  of  their  several  species,  to- 
gctlicr  with  lawyera,  bankers,  &c.,  all  employ  clerlia.  In 
clerks  we  bavo  u  ejieciulized  class  dispersed  through  vurioua 
other  classes  ;  and  having  its  function  fused  with  the  differ- 
ent functions  of  these  various  other  classes.  Similarly  m 
coinnicn.ial  travellers,  though  having  in  one  sense  a  \ 
separute  occupation,  have  in  another  sense  an  occupntioa 
forming  part  of  each  of  the  many  occupations  which  it 
aids.  As  it  ifl  hero  with  the  sociological  division 

of  labour,  so  ia  it  with  the  physiological  division  of  la- 
bour above  described.  Just  as  vc  see  in  an  advanced  oom>< 
miiiiiiy.  that  while  the  magisterial,  the  clerioal,  thu  modicalt  J 
the  legal,  the  manufacturing,  and  the  commercial  activiliea^l 
have  grown  distinct,  they  have  yet  their  agoncios  mingled  1 
together  in  every  localily ;  bo  in  a  developed  organism,  wtf  1 
•ee  that  while  the  general  functions  of  circulation,  ttci^rL-lion^  J 
absorption,  cxcrotion.  contraction,  oxcitatioit,  &c.,  have  bo- -I 
come  differentiated,  yet  through  the  mmilipjitions  of  the  sykil 
terns  apportioned  to  them,  they  are  closely  combined  witM 
each  other  in  every  orgao. 

I  Gf'.    The  phyaiological  division  of  labour,  is  uauglly  ujtf  1 
carried  so  far  as  wholly  to  destroy  the  primary  physiological  1 
community  of  labour.  As  in  societica  the  adaptation  oTspPciid  J 
daaaca  to  special  duties,  does  not  entirely  disable  these  ohiaeet 
from  pcrfOTming  each  others'  dntiea  op  y "  Mwm-gpncy ;  jg  f n 
organiame,  tiwsuea  and  atruaurgs  that  havo  bpcoma  fittod  to 
the  porticnlaf  offlcca  they  ha>-a  ordinarily  to  diachanre;  ofiqt 
rpmain-pgrtially  able  to  diacharga  other  office*.    It  boa  beco 
pmatod  out  l)y  Dr  Carpenter,  that  "  in  caaea  wbere  the  diifei 
cut  Aiuctioui  are  highly  specialised,  the  general  structurs 

[  tvtaiiis,  more  or  leas,  the  primitive  community  of  funcliitn 
which  originally  charucterieed   it."     A   few  inslaooca  will 

I  bring  home  this  gviicnili/.uUon 

Th«  root*   and   Imve*  of  pliints   arv   w-idely  iliiEcniDti* 
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ated  ID  their  functions:   hy  the  roots,  water  and  mmerul 
I  eubatances  are  absorbed ;  while  the  leuves  take  in,  and  de- 
I  COTQpOBe,  carbonic  acid.     Neverthcloss,  leaves  retain  a  con- 
r  Bidorable  power  of  absorbing  water ;  and  in  what  are  popu- 
larly called  "  air-plants,"  the  absorption  of  water  is  wholly 
carried  on  by  tbeni  and  by  the  sterna.   Conversely,  the  under- 
ground parls  &in  partially  assumo  the  functions  of  leaves : 
the  exposed  tuber  of  a  potato  develops  chlorophyll  on  ila 
surface,  and  in  other  cases,  roots,  properly  so  called,  do  the 
like.     In  trees,  the  trunks,  which  have  in  great  nieasuro 
ceased  to  produce  buds,  recommence  producing  them  ii'  the 
branches  are  cut  off;    and  under  such  circumstances  the 
roots,  though    not  in  the  habit  of  developitig  leaf-bearing 
organs,   send    up  numerous   suckers.  Much    more 

\-uriou3  examples  of  vicarious  function  may  be  found  among 
'  animals.     Starting  with  the  extreme  case  of  the  common 
I  hydra,  which  can  live  when  the  duties  of  skin  and  stomach 
[  have  been  interchanged  by  turning  it  inside  out,  we  find  in 
;rudee,  even  up  to  the  highest,  that  absorbent  and  excrol- 
j  ing  organs  can  partially  supply  each  others'  places.     Among 
well-organ  iitod  animals,  the  taking  in  of  nutriracnt  is  ef- 
fected exclusively  by  an  internal  membrane ;  hut  the  external 
membrane  is  not  wholly  without  the  power  to  take  in  nutri- 
ment :   when  food  cannot  be  swallowed,  life  may  be  pro- 
longed by  immersing  the  body  in  nutritive  fluids      The  ex- 
Lcreiion  of  carbonic  acid  and  absorption-of  oxygen,  are  mainly 
Kribrmcd  by  the  lungs,  in  creatures  which  have  lungs  ;  but 
|in  such  creatures  there  continues  a  certain  amount  of  cutune- 
B  renpimtion,  and  in  soi^skimied  batracliiaus  like  the  frog,« 
ihis  cutaneous  reapiration  is  important.     Again,  when  tlu 
^idueys  are  not  discharging  their  duties,  a  notable  (|uuntityfl 
fl)£  urea    is    got  rid    of    by   perspiration.  Otharv 

instances  are  supplied   by  the  higher  functions.     In  mna.1 
'  the  limbs,  which  among  lower  vertebrates  are  almost  wliolly; 
organs  of  locomotion,  are  specialized  into  organs  of  locuniO'l 
tion  and  organs  of  manipulation.     KevertUcIt^ss,  the  hiiiuaa 
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anna  and  legs  do,  when  neediul,  fulfil,  to  some  oxtont,  eacli 
others'  ofBces.     N^ot  only  in  cliililhood  and  old  age  aro  t 
arms  used  for  purposes  of  aupport,  but  on  occasions  of  cnierf 
eiioy,  08  when  niuutitainoQiing,  they  are  so  used  by  men  lu  fi 
vigour.     And  thnt  legs  arc  to  a  considorubto  dogroo  capaU 
of  performing  Hio  dutioa  of  anna,  is  proved  by  the  j 
amount  of  manipulatory  akiU  roiichod  by  them  wbon  1 
Dmis  aro  absent.     Among  the  perceptions,  too,  tLoro  are  < 
ampk-s  of  partial  substitution.     The  deaf  Dr  Kitto  describe 
himself  OS  having  be«!omo  escossively  sensitive  to  vibratioi 
propagiitfxl  through  the  body;  and  as  ao  having  gained  t^ 
power  of  perceiving,  through  Ins  general  sensations,  tho< 
UMghbouring  concussions  of  which  tbu  ears  ordinarily  gi<n 
notiuo.     Illind  people  make  hearing  perform,  in  part,  the 
office  of  vision.     Instead  of  identifying  tho  positions  and 
sizoa  of  neighbouring  objects  by  tho  reflection  of  ligtit  from 
Ihuir  aurfaeos,  they  do  thia  in  a  rude  way  by  the  rellectio 
of  soDud  from  their  surfaces. 

Wb  see,  ga  we  might  expect  to  see,  that  this  pow^r  of  p 
forming  more  general  funotJonSi  ia  great  in  proportion  j 
the  parts  kave  boon  but  little  adapted  to  tlfeif  ft^^ccial  f 
tiona.  In  the  hydra,  wherecompleto  transposition  of  funotii 
is  possible,  tho  histological  differentiation  that  has  boen  ostab- 
llihed,  is  extremely  slight,  or  ovon  inappreciable.  Thoso  piuia 
of  planta  whiuh  show  mi  conitidcrablo  a  p<.>wer  of  discharging 
•ach  others'  of[ic«a,  are  not  widely  unlike  in  tlieir  minuto 
structures.  And  tho  tissues  that  in  animiUji  are  to  some 
extent  mutually  vioarious,  are  tixsuca  in  which  the  original 
cellular  composition  is  still  oonspicuons.  Hut  wo  do  nut  find 
rvidenco  that  tho  muscular,  nervous,  or  oiwcous  tissues  are 
ablo  iu  any  dogrcc  to  perform  tliiMO  processes  which  tho 
loss  diffi>runtjuu>d  tiwiuos  pn-f>irm.  Nor  havo  we  .-iriy 
proof  that  nervo  can  partially  fulfil  tho  duty  of  muscle, 
or  moscle  that  of  norvc.  Wo  must  say,  therefore,  that 
tho  ability  to  rcsunto  tho  primordial  community  of  funcliuUi 


varies  inTerselv  as  itie  establiahed  apctiiilization.  of  fuiiclioil ; 
Bod  that  it  disapptjura  whua  the  specialization  of  fuiictloi 
becomes  grcaL 

g  61.  Something  approaching  to  li  priori  reasons  may  Im 
given  for  the  conclusions  thus  readied  a  posteriori.  Tlicy 
must  bo  accepted  for  as  much  ua  they  seem  worlh. 

It  may  be  argued  that  on  the  hypothesis  of  Evolution, 
I.ifo  necessarily  comes  before  organization.  On  this  hypo* 
tresis,  organic  matter  in  a  state  of  homogoaeoua  aggrcfiation. 
must  precede  organic  matter  in  a  stitte  of  heterogeneous  ag- 
^■repttion.  iiut  since  the  passing  from  a  structurcleas  staje 
to  a  structured  state,  is  ilaclf  a  vital  proceas,  it  follows  that 
TJlal  activity  must  have  existed  while  there  was  vet  do 
structure :    structure  cotdd  not  else  arise.  That 

function  takes  precedence  of  structure,  eeems  also  implietl  Ja 
the  definition  of  Life.  If  Life  conrisla  of  inner  actions  so 
adjusted  as  to  balance  outer  notions — if  the  actions  arc  the 
giibslance  o{  Life,  while  the  adiustment  of  thpin  eini-ititut^ 
iia  form;  then,  may  we  not  say  that  the  actions  to  bo  formed 
must  come  before  that  which  forms  them — that  the  continu- 

I  before 
Or 


cliuuge  wiiich  is  tbe  basis  of  fimction,  must  c 
the  Mtnictiire  wliich  brings  function  into  shape  ? 


ftVPry  njvani 


throughout  all  pliases  of  Lifo  up  to  the  highest, 
.tTe.,:t\n^  of  some  hot\Q^  adjustment  of 


inner  to  outer  actions:  and  since  the  acoompunying  new  com- 
uloity  of  atrucluro  ia  simply  a  meaPB  of  making  poBaible 
this  better  adjustment ;  it  follows  thot  function  ia  from 
beginning  to  end  the  determining  cause  of  structure.  Not 
Ciily  is  this  raaiiiiestly  true  where  the  mudilicaiiun  of  atruc- 
lure  arises  by  reaction  from  modification  of  function  ;  but  il 
U  also  trtie  where  a  modlBcatiou  of  structure  otherwise  pro 
duced,  apparently  initiates  a  modification  of  function. 
it  is  only  when. such  so-called  spontaneous  modilication  ( 
■tructure  Bubserves  s'jmo  advautageoos  action,  that  it  is  p 
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mnriently  estahlished  ;  if  it  is  a  strnctnral  niodtficstibii  ttiat 
happen!  to  facilitate  the  vital  activities,  "  natural  selection  " 
retftins  and  increnBca  it ;  but  if  not,  it  diBnppeors. 

The  connexion  which  we  noted  lietween  lieteit^neity 
of  ptrnctare  and  heterogeneity  of  fiinction — a  connexion 
made  ao  familiar  by  experience  as  to  appear  scarcely  worth 
speeifying — is  clearly  a  necesBary  one.  It  follows  from  the 
general  truth  that  in  proportion  to  tlie  heterogeneity  of  any 
aggrt^ate,  is  the  heterogeneity  it  will  prodnce  in  any  inci- 
dont  force  {First  PrirunpUs,  §  116).  The  foree  continually 
liberated  in  the  organism  by  dcconipoeition,  is  here  the  inci- 
dent force;  the  functions  are  the  variously  niodifte<l  funns 
produced  ia  ita  divisions  by  the  organs  tliey  pasa  through ; 
and  the  more  mullifono  the  organs  the  more  mnltifonn  muBt 
bo  the  differentiations  of  the  force  passing  tlirougli  them. 

It  follows  obviously  fVoin  this,  that  if  structure  progrcesos 
from  tlie  homogeneous,  indoliuitc,  an?  Iiico1ibrent,~  to  the 
heterogencbuB,  del  in  to,  ^nj  coherent,  bo  too  must  function. 
irtTio  number  of  dliferent  parts  Jii  an  aggregate  must  dcter- 
roJno  the  number  of7fi3erentiationa  pfodnccd  in  the  forces 
pasningthrougli  it— JfthediBtinctneaBgfthcse  pyts  f romjj^ 
^licr,  mofit  iuvoIve^SSnctP^i^ln  ^heir  reactions,  and  there- 
fore distinctness  between  the  diyisions  of  tlio  diffcrcntiaied 
(iTce;  thvrc  cannot  Imt  bo  a  complete  parallelism  between 
the  development  of  structure  and  the  development  of  fnno- 
tiun.  If  Btructiire  advaneee  Irom  tlie  simple  and  general  to 
the  complex  and  Bj>6ciul,  function  must  do  the  same. 


CHAPTER  lY, 


WASTE  AND  REPAIR, 


5  62.  Throughout  the  vegetal  kingdom,  the  processes  of 
Waste  and  Repair  are  comparatively  insignificant  in  theii 
amounts.  Though  plants,  and  especially  certain  parts  of 
them,  do,  in  the  absence  of  light  or  under  particular  con- 
ditions, give  out  carbonic  acid;  yet  this  carbonic  acid, 
assuming  it  to  indicate  consumption  of  tissue,  indicates  but  a 
small  consumption.  Of  course  if  there  is  little  waste,  there 
can  be  but  little  repair — ^that  is,  little  of  the  interstitial  repair 
which  restores  the  integrity  of  parts  worn  by  functional  acti- 
vity. Nor,  indeed,  is  there  displayed  by  plants  in  any  con- 
siderable degree,  if  at  all,  that  other  species  of  repair  which 
consists  in  the  restoration  of  lost  or  injured  organs.  Torn 
leaves  and  the  shoots  that  are  shortened  by  the  pruncr,  do 
not  reproduce  their  missing  parts ;  and  though  when  the 
branch  of  a  tree  is  cut  off  close  to  the  trunk,  the  place  is  in 
the  course  of  years  covered  over,  it  is  not  by  any  reparative 
action  in  the  wounded  surface,  but  by  the  lateral  growth  of 
the  adjacent  bark.  Hence,  without  saying  that  Waste  and 
Kcpair  do  not  go  on  at  all  in  plants,  we  may  fitly  pass  them 
Dver  as  of  no  importance. 

There  are  but  slight  indications  of  waste  in  those  lower 
orders  of  animals  which,  by  their  comparative  inactivity, 
show  themselves  least  removed  from  vegetal  life.  Actiniuo 
kf^pt  in  an  aquarium,  do  not  appreciably  diminish  in  bulk 
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from  prolonged  abfltincnw.  Ei'en  fish,  thougli  mucli  moN 
autivc  than  most  otiwr  oquatic  urcatures,  a|i[)ear  Xa  undergo 
hut  little  loss  of  suhstaace  when  kept  unfed  during  con- 
BidcTuhle  periods.  Eeptiks,  too,  tnuiiilainiiig^  no  great 
tcinpcruturc,  und  passing  their  lives  mostly  in  a  state  of| 
larjHir,  suffer  but  Utile  diminution  of  mass  by  woato.  Whei 
liowever,  we  turn  to  those  higlier  orders  of  animii 
uro  iK'tive  and  hot-blooded,  wo  see  that  waatti  U  rujiidd 
producing  when  uucheckod,  a  notable  decrease  in  bul 
and  weight,  ending  very  shortly  in  death.  Bcsidt 

liiiding  ihiit  wasto^ia  incoti;>i<lurublQ  in  crimtures  tliut  pro- 
duce but  little  iusuusible  and  seuaihle  luolion,  and  that  it 
becomca  coDspicuoua  in  crcaturea  that  prod uee  much  inacn - 
ribJB  and  sensiblp  Jtnptioi)  ;    wn  find  ;Vt.  \\}  Mii>  ymn^  fliy-"^ 
lures  there  is  moat  wostc  when  most  motion  is  gcnemtod. 
Tbia  is  clearly   proved  by   hybcmating  animals.       "T^- 
Jontin  found  that  the  waking  marmot  excreted  in  the  avorag^ 
lit  tinicB  moru  carbonic  acid,   and  inhaled  41   times  i 
oxygen  than  the  saino  niiimol  in  the  most  complete  state  i 
kybunialioiu     The  stages  between  waking  and  most  pro 
fiiund  bybcmalion  yieldi>d  intermediate  figures.    A  wuktu£ 
Ui^gnbog  yielded  about  iiOS  times  more  carbonic  acid,  d 
tnniKumed  18*4  tiroes  more  oxygen  than  one  in  the  state  of  by- 
bcmalion."    If  wo  take  tlivse  quantilios  of  alMorbed  oxyg4 
and  excrctrd  carbonic  ucid,  aa  iudiculing  something  like  l! 
rulalivo  mnounla   of  consumed   organic    substance,    we  i 
tbnt   then)  is   a   striking    contrast  bclwi-eu  the   woalc   i_ 
dniiHinying  iho  onlinary  Mate  of  activity,  and  the  wasttt   ' 
^eronipmiyuig  compl'-'le'iruiescent^  KPd  fcduonj  temperature. 
This  dilfereuco  is  uliU  mure  definitely  shown  by  the  fact, 
that   the  mean  daily   U«i   from  alarvation  in  rabbits  and 
t^ninoa-pigs,  bvara  ti>  that  from  bylx'ntotiun,  tlic  proportion 
of  18^  :  1.     Among  men  and  dome«tic  animals,  the  relation 
between  <lcgrt«  of  waste   and  amount  of  expondc<l    forc^ 
though  ono  rc8])«Ung  wbioli  thero  u  little  doubt,  is  I 
distinctly  demonstrable;  since  waato  is  not  nllovcd  to  go  o 
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nninterfered  with.  "Wo  have  however  in  the  lingering  lives  of 
invalids  who  are  able  to  take  scarcely  any  nutriment,  but 
are  kept  warm  and  siitl,  an  illustration  of  the  extent  to 
which  waste  diminishes  as  the  expenditure  of  force  declines. 
Besides  the  connexion  between  the  waste  of  the  organism 
as  a  whole,  and  the  production  ot  sensible  ~and  insensible 
motion  by  the  organism  as  a  whole ;  there  is  a  traceable 
connexion  between  the  waste  of  special  parts  and  the  activi» 
tics  of  such  special  parts.  Experiments  have  shown  that  "  the 
starving  pigeon  daily  consumes  in  the  average  40  times 
more  muscular  substancp  than  the  marmot  in  the  state  of 
torpor,  and  only  11  times  more  fat,  33  times  more  of  the 
tissue  of  the  alimentary  canal,  18'3  times  more  liver,  15 
times  more  lung,  5  times  more  skin."  That  is  to  say,  in 
the  hybemating  animal  the  parts  least  consumed  are  the 
almost  totally  quiescent  motor-organs,  and  the  part  most 
consumed  is  the  hydro>carbonaceous  deposit  serving  as  a 
store  of  force ;  whereas  in  the  pigeon,  similarly  unsupplied 
with  food  but  awake  and  active,  the  greatest  loss  takes  place 


m  bet 


ween  s 


pecial 


in  the  motor-organs. 


activity  and  special  waste,  is  illustrated  too  in  the  daily 
experiences  of  all ;  not  indeed  in  the  measurable  decrease  of 
the  active  parts  m  bulk  or  weight,  for  this  we  have  no  means 
of  ascertaining ;  but  in  the  diminished  ability  of  such  parts 
tp  perform  their  functions.  That  legs  exerted  for  many  hours 
in  walking,  and  arras  long  strained  in  rowing,  lose  their 
powers— that  eves  becr^mft  rnife^blp/l  l^^y  ^pftding  or  writing 
without  intermission — ^that  concentrated  attention  tmbroken 
by  rest,  so  prostrates  the  brain  as  to  incapacitate  it  for  think- 
ing; are  familiar  truths.  And  though  we  have  no  direct 
evidence  to  this  effect,  there  is  little  danger  in  concluding  that 
muscles  exercised  until  they  ache  or  become  stiff,  and  nerves 
of  sense  rendered  weary  or  obtuse  by  work,  are  organs  so 
much  wasted  by  action  as  to  be  partially  incompetent. 

Repair  is  everywhere  and  always  making  up  for  waste 
1  hough  the  two  processes  vary  in  their  relative  rates,  both 
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are  coastuntly  going  on.  Though  during  Uie  aotive,  watdug 
atuto  of  an  aoimul,  wosta  is  in  excess  of  repair,  yet  repair  is 
ill  progress ;  mid  though  durtog  slei^p,  repuir  is  in  excess  of 
wu3t«,  yet  aoinc  wtkste  ia  accussitatod  by  the  currying  on  of 
eurtuin  ncwr-ccusing  functions.  The  organs  of  these  ncver- 
coasing  functions  furnish,  indeed,  the  most  conclusive  proofs 
of  tho  simultoueity  of  rcpuir  oud  waste.  Buy  uud  nigbl  tJie 
heart  uevcr  stops  Ijeuting,  but  only  varies  in  tho  rapidity 
and  vigour  of  its  beats ;  and  hence  the  loss  of  Buba^^^p 
which  its  contraclions  from  moment  to  moment  entail,  must 
iViiiii  moment  to  moment  bo  ma3e~Eood.  Duy  tiud  night 
the  lungs  dilato  and  collapse ;  and  tBe  muscles  which  muko 
them  do  this,  must  therefore  be  ever  kept  in  a  state  of  integ. 
rity  by  a  repair  which  keeps  pooo  with  waste,  or  which 
ulleriiately  fulls  behind  and  gets  in  ad%-ance  of  it  to  a  Tory  J 
sligiit  extent. 

Oil  a  survey  of  the  facts,  we  see,  as  wo  might  expect  to 

»oo,  ihut  repair  is  most  rnpid  wlien  activity  is  most  rt^tlured. 

Assuming  that  the  orguns  whieli  alworb  and  cirttulnte  nutri- 

■  meut  are  in   propi'r  order,  tho  resloration  of  Ihb  orgttuisin 

to  a  stale  of  integrity,  after  the  disintegrulion  consequent 
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tho    quiescence,    bodily 

usually  ni't  fullowcd  by 
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is  fullt'Wud  by  a  curtaiit  lein^Hul  of  AlreiigtUi  tlioiigii  a  ro- 
nowal  lc«s  than  that  which  wotilil  liovo  followrvl  the  greater 
inactivity  of  slumber.  Wb  know,  loo,  that  when  exhausted 
by  labour,  utting  hringa  a  partial  return  of  rignnr.  And 
m  alao  know  that  after  the   Tiulont  exertion  of  running, 
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a  lapse  into  the  less  violent  exertion  of  walking,  results  in 
a  gradual  disappearance  of  tliat  prostration  which  the  run- 
ning produced.  This  series  of  illustrations  conclusively 
proves  that  the  rebuilding  of  the  organism  is  ever  making 
up  for  the  pulling  down  of  it  caused  by  action ;  and  that  the 
effect  of  this  rebuilding  becomes  manifest,  in  proportion  as 
the  pulling  down  is  less  rapid.  From  each  digested  meal, 
there  is  every  few  hours  absorbed  into  the  mass  of  prepared 
nutriment  circulating  through  the  body,  a  fresh  supply  of 
the  needful  organic  compounds;  and  from  the  blood  thus 
occasionally  re-enriched,  the  organs  through  which  it  passes 
are  ever  taking  up  materials  to  replace  the  materials  used  up 
in  the  discharge  of  functions.  During  activitv.  the  reinte- 
gration  falls  in  arrear  of  the  disintegration^  until^  as  a  conse« 
quence,  there  presently  comes  a  general  state  of  functional 
languor ;  ending,  at  length,  in  a  quiescence  whifj^  p^pm'f^  fba 
reintegration  to  exceed  the  disintegration,  and  restore  the 
parts  to  their  state  of  integrity^  Here,  as  wherever  there 
are  antagonistic  actions,  we  see  rhythmical  divergences  on 
opposite  sides  of  the  medium  state — changes  which  equilibrate 
each  other  by  their  alternate  excesses.  (First  Principles^ 
§§  96,  133.) 

Illustrations  are  not  wanting  of  special  repair,  that  is 
similarly  ever  in  progress,  and  similarly  has  intervals  during 
which  it  faUs  below  waste  and  rises  above  it.  Everv  one 
knows  that  a  muscle,  or  a  set  of  muscles,  continuously  strain* 
cd,  as  by  holdin'g  out  a  weignt  at  arm's  length,  soon  loses  its 
power ;  and  that  it  recovers  its  power  more  or  less  fully  after 
a  short  rest.  The  several  organs  of  special  sensation  yield 
us  like  experiences  :  strong  tastes,  powerful  odours,  and  loud 
sounds,  temporarily  unfit  the  nerves  impressed  by  them,  for 
appreciating  faint  tastes,  odours,  or  sounds ;  but  these  inca- 
pacities are  remedied  by  brief  intervals  of  repose.  Visioi. 
still  better  illustrates  this  simultaneity  of  waste  and  repair 
liOoking  at  the  sun  so  affects  the  eye  that,  for  a  short  time, 
it  cannot  j)erceive  the  ordinary  contrasts  of  light  and  shade. 
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After  guziog  at  a  briglit  light  of  a  particular  colonr,  i 
on  turning  llie  oycs  to  adjacent  objects,  an  inm;{e  i 
complementary  colour ;  showing  that  the  retina  has,  for  tUa 
monieat,  lost  the  |>owm  to  feul  smuU  aniouut«  uf  those  rays 
which  liave  strongly  aQbct«d  it.  Such  inabilities  disappoor 
ill  a  few  SGL-ouJs  or  a  few  minutes,  according  to  circutDstojicta. 
And  ht-rc,  ijidood,  we  aro  introduced  to  n  conclusive  proof 
that  special  n^puir  is  ever  neutruliiting  siiccial  wusto.  For 
the  rupiiliiy  with  which  the  eyes  recover  their  senaitivoue«^  ' 
varies  with  the  repanitivc  power  of  the  individuul.  In  youth*  ' 
the  visual  appsnittia  is  so  quickly  restored  to  its  state  of 
tcgrity,  that  many  of  these  phologenes,  as  they  are  catlod, 
cannot  bo  perceived.  When  sitting  on  the  far  side  of  a  room, 
and  gaiiiig  out  of  the  window  against  a  light  sky,  a  person 
who  is  debililal^'d  bj'  disease  or  advancing  years,  percciveak'! 
on  transferring  the  guzo  to  the  adjacent  wall,  a  niomontory 
negotivo  image  of  the  window — the  sash-bara  apjxMiring  light 
and  the  squares  dark  ;  but  a  young  and  healthy  pi'rsun  hoa 
no  such  experience.  With  a  rich  blood  and  vigorous  circu- 
lation, the  repair  of  tho  visual  nerves  after  impressions  of 
nioilurate  intensity,  is  nearly  instantaueoua. 

Function  carried  to  excess,  may  produce  waste  eo  greats 
that  repair  cttnnot'~B[Htg~iip  for  it  during  tho  ordinary 
daily  periods  of  rest;  and  there  may  r^fl!*  *""ffpnf'*'"'  "* 
tho  overtaxed  on^BflTlastini^  for  considerable  periods.  Wg 
know  that  eyea  rtrained  by  lonj^-continned  ininnte  work,  lose 
tln>ir  poww  for  months  or  yoar* :  porbaps  augering  »n  injury 
which  they  nover  wholly  rwovwr.  ifnaiw.'  too,  are  onen"ao 
nndiuy  worfcod  that  pcrmanimt  To!»XaHoo  fails  to  rwtora 
tliBin  ^  vijnny^  TCvan  of  thi>  motar  oii^a  th*  likw  bnldiL 
ITie  moat  frecjnent  ettnse  of  what  ia  called  "jmatiog  palsy," 
or  atrophy  of  the  mnaclos,  is  hatwtual  oxctM  of  exortion :  the 
proof  hnng,  that  tho  diaoaao  occura  most  frequently  among 
thow  onpigod  in  labonoxM  handicraiO;  and  nsnaliy  attatya 
first  the  muscica  that  have  been  most  worked. 

Thun)  luu  yet  to  bo  noticed  another  kind. 
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namely^  by  which  injured  or  lost  parts  are  restored.  Among 
the  Hydrozoa  it  is  common  for  any  portion  of  the  body  to  re- 
produce the  rest ;  even  though  the  rest  to  be  so  reproduced 
is  the  greater  part  of  the  whole.  In  the  more  highly-organ- 
ized Adinozoa^  the  half  of  an  individual  will  grow  into  a 
complete  individuaL  Some  of  the  lower  Annelids,  as  the 
NaiSf  may  be  cut  into  thirty  or  forty  pieces,  and  each  piece  will 
eventually  become  a  perfect  animaL  As  we  ascend  to  higher 
forms,  we  find  this  reparative  power  much  diminished,  though 
still  considerable.  The  reproduction  of  a  lost  claw  by  a 
lobster  or  crab,  is  a  familiar  instance.  Some  of  the  inferior 
Vertebrata  also,  as  lizards,  can  develop  new  limbs  or  new 
tails,  in  place  of  those  that  have  been  cut  off ;  and  can  even 
do  this  several  times  over,  though  with  decreasing  complete- 
ness. The  highest  animals,  however,  thus  repair  themselves 
to  but  a  very  small  extent.  Mammals  and  birds  do  it  only 
in  the  healing  of  wounds ;  and  very  often  but  imperfectly 
even  in  this.  For  in  muscular  and  glandular  organs,  the 
tissues  destroyed  are  not  properly  reproduced,  but  are  re- 
placed by  tissue  of  an  irregidar  kind,  which  serves  to  hold 
the  parts  together.  So  that  the  power  of  reproducing  lost  parts 
is  greatest  where  the  organization  is  lowest ;  and  almost  dis- 
appears where  the  organization  is  highest.  And  though  we 
cannot  say  that  between  these  extremes  there  is  a  constant  in- 
verse relation  between  reparative  power  and  degree  of  organ- 
ization; yet  we  may  say  that  there  is  some  approach  to 
such  a  relation. 

§  63.  There  is  a  very  obvious  and  complete  harmony  be- 
tween the  first  of  the  above  inductions,  and  the  deduction 
that  follows  immediately  from  first  principles.  We  have 
already  seen  (§  23)  "  that  whatever  amount  of  power  an 
organism  expends  in  any  shape,  is  the  MTTClfltd  tod  equi* 
Talent  of  a  power  that  was  taken  mto  it  from  witnout." 
Motion,  sensible  or  insensible,  generated  by  an  organism,  is 
insensible  motion  which  was  absorbed  in  producing  certain 
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chemical  compounds  appropriated  by  the  organism  nndflC 
the  form  of  food.  As  much  power  oa  vus  required  to  nJsfl 
the  elements  of  tbeae  complex  atoms  to  tlicir  Htute  of  unstA- 
blo  equilibrium,  is  given  out  in  their  falls  to  a  state  of  stable 
equilibrium ;  and  having  fallen  to  o  state  of  sttiblc  equilib- 
rium, they  can  give  out  no  further  power,  but  have  to  be 
gilt  rid  of  as  inert  and  useless.  It  is  an  incvilablu  corollary 
"  from  the  persiHtence  of  force,  ihut  each  portioD  of  mochanicul 
or  other  energy  which  au  organism  exerts,  ijnpUea  the  truntt- 
formation  of  as  much  organic  matter  oa  contained  thin 
energy  in  A  latent  state  ;"  and  l^iat^  jhia  organic  matt«r  in 
ncldiug  up  ita  latent  energy,  loaee  its  value  for  the  purpoeea 
oF  life,  and  becomw  waste  matter  needing  to  be  excreteS. 
Tno  lo88  of  these  complex  unstable  Bubatanccfl  must  lienoe  bo 
proportionate  to  the  quantity  of  expended  force.  Hero  then 
iK  iho  rationale  of  certain  general  facts  lately  indicated. 
Pbmis  do  not  waste  to  any  eonsidomblo  degree,  for  tho  obvi. 
ous  reason  that  th«  sensible  and  insensible  motions  thaf 
gciicnito  arc  inconsidcrublc.  Bvtwcen  the  smuU  waste,  small 
ucliviiy,  and  low  temperature  of  tho  inferior  animals,  the  rela- 
tion is  similarly  one  admitting  of  a  priori  establishment.  Con- 
versely, the  rupid  waste  of  energetic,  bot-bluodcd  aniuaU 
uii^ht  be  foreseen  with  equal  certoiuty.  -And  not  less  mani- 
festly u«c«ssary  is  tho  variation  in  wa^tc  whicb,  in  the  suinu 
organism,  attends  the  variation  in  the  heat  and  mechanical 
tiiuliou  pro<luced, 

Itetween  the  activity  of  a  special  part  and  the  waste  of 
tjiat  part,  o  like  relation  mav  be  dcductiycTy  Inferred';  lliotigh 
it  riirmot  be  inferred  that  tMf  ^lytinn  Ja  ca*i<*]'x_llu*!- 
nite.  Were  the  activity  of  every  organ  quite  indciH'ndeiit 
of  the  aetiviiics  of  other  orgmui,  wo  might  expect  to  traeo 
out  this  relation  distinctly  ;  but  since  one  part  of  the  force 
which  aJiy  organ  expends,  is  derived  from  materials  brought 
to  it  by  tho  blood  from  moroept  to  mamcnt  in  quaniitif 
varjing  with  the  demand,  and  sinco  nmither  iKirt.vf  the 
^rcc  which  sMfh  organ  c-tpcuda.  CQff<ea.  1q  it  in  the  shape  of 


I 


Waste  and  repair.  177 

ms  discharges  from  distant  organs ;  it  is  clea^  tfh^^-  '^P*^* 
cial  waste  and  general  waste  are  too  much  entangled  to 
admit  of  a  definite  relation  being  established  between  special 
waste  and  special  activity.  We  may  fairly  say,  however, 
that  this  relation  is  quite  as  manifest  as  we  can  reasonably 
anticipate. 

§  64.  Deductive  interpretation  of  the  phenomena  of  Re- 
pair, is  by  no  means  so  easy.  The  tendency  displayed  by  an 
animal  organism,  as  well  as  by  ecu^h  of  ite  organs,  to  return 
to  a  state  of  integrity  by  the  assimilation  of  new  matter, 
when  it  has  undergone  the  waste  consequent  on  activity,  is  a 
tendency  which  is  not  manifestly  deducible  from  first  princi- 
ples ;  though  it  appears  to  be  in  harmony  with  them.  If 
in  the  blood  there  existed  ready-formed  units  exactly  like  in 
kind  to  those  of  which  each  organ  consists,  the  sorting  of  these 
units,  ending  in  the  union  of  each  kind  with  already  existing 
groups  of  the  same  kind,  would  be  merely  a  good  example  of 
Difierentiation  and  Integration  (First  Principles,  §  123).  It 
would  be  analogous  to  the  process  by  which,  from  a  mixed 
solution  of  salts,  there  are  deposited  seg^gated  masses  of 
these  salts,  in  the  shape  of  different  crystals.  But  as  already 
said  (§  54),  though  the  selective  assimilation  by  which  the 
repair  of  organs  is  effected,  no  doubt  results  in  part  from  an 
action  of  this  kind,  which  is  consequent  on  the  persistence  of 
force  {First  Principles,  §  129),  the  facts  cannot  be  thus  wholly 
accounted  for;  since  organs  are  in  part  made  up  of  imits 
that  do  not  exist  as  such  in  the  circulating  fluidu.  The  pro- 
cess becomes  comprehensible  however,  if  it  be  shown  that,  as 
suggested  in  §  54,  groups  of  compound  units  have  a  certain 
power  of  moulding  adjacent  fit  materials  into  units  of  their 
own  form.  Let  us  see  whether  there  is  not  reason  to  think 
such  a  power  exists. 

"  The  poison  of  small-pox  or  of  scarlatina,"  remarks  3J  r 
Paget,  "  being  once  added  to  the  blood,  presently  affects  tho 
composition  of  the  whole :   the  disease  pursues  its  coursoi 
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■i»d,  if  recoveiy  ensue,  the  blood  will  seem  to  have  rotumoil 
to  ita  previous  coudilion ;  yet  it  is  not  an  it  was  bL'forc ;  for 
now  iho  same  poison  may  bo  added  to  it  wilt  impunity." 
•  •  •  "  The  change  once  efi'utlod,  may  he  niainiainL'd 
through  life.  And  heroin  Hoema  to  bo  a  proof  of  tho  aasimiU 
ativo  force  in  the  blood  ;  for  thcro  seems  no  other  modo  of 
exphiining  these  cases  than  by  admitting  that  tho  ulicred 
particles  have  the  power  of  assimilating  to  themselves  ult 
those  by  which  they  are  being  replaced  :  in  other  words,  alt 
tho  blood  that  is  fanned  after  such  a  disease  deviutes  from 
the  natural  composition,  ao  far  as  to  acquire  the  peculia 
engendered  by  the  disease :  it  is  i'umied  according  to 
altered  modeL"  Now  if  the  compound  molecules  of 
blood,  or  of  an  orgnnism  considered  in  tho  aggrcgat«,  have 
tho  power  of  moulding  into  their  own  typo,  the  mutters 
which  they  absorb  as  nutriment ;  and  if,  as  Mr  Pugi't 
points  out,  they  hare  the  power  when  (heir  tj-pc  has  boon 
changed  by  disease,  of  moulding  all  materials  uflcrwanls 
received  into  tho  modified  type;  may  we  not  reasonably 
suspect  that  the  more  or  less  specialized  molecules  of  each 
oi^an,  have,  in  liko  manner,  tho  power  of  moulding  the 
matorials  which  the  blood  brings  to  them,  into  similarly 
specialized  molecules  ?  The  ono  conclusion  seems  to  bo  a 
corollary  from  the  other.  Such  n  power  cannot  be  claimed 
for  the  component  units  of  the  blood,  without  being  on- 
cMod  to  the  component  units  of  every  liasue.  ludi-ed  the 
assertion  of  this  power  is  little  more  than  on  assertion  of  tho 
fact,  that  organs  comp'wed  of  H|)eciali2ed  units  an  eapiihlo 
of  resuming  their  structural  integrity,  after  they  have  been 
wasted  hy  function.  For  if  they  do  tliis,  they  must  do  it  hy 
forming  from  the  matcrtuU  brought  to  thctn,  oertuiii  siiwrtul- 
isod  unitA  like  in  kind  to  those  of  which  they  are  cum^MMMHl , 
and  to  say  that  they  do  tlm,  is  to  nay  that  thdr  c<:>tnp(>iienl 
units  have  the  power  of  moulding  tit  roateriala  into  othi 
units  of  the  SBue  order. 

The  n^aii  of  n  wasted  liwue  may  tliervforo  bo  oauaule 
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ts  duo  to  forces  analogous  to  those  by  which  a  crystal  repro- 
duces its  lost  apex,  when  placed  in  a  solution  like  that  from 
which  it  was  formed.  In  either  case,  a  mass  of  uniis  of  a 
given  kind,  shows  a  power  of  integrating  with  itself  diffused 
units  of  the  same  kind  :  the  only  difference  being,  that  the 
organic  mass  of  imits  arranges  the  diffiised  units  into  special 
compound  forms,  before  integrating  them  with  itself.  In 
the  case  of  the  crystal,  this  reintegration  is  ascribed  to 
polarity — a  power  of  whose  nature  we  know  nothing.  What- 
ever be  its  nature,  however,  it  appears  probable  that  the 
power  by  which  organs  repair  themselves  from  the  nutritive 
matters  circidating  through  them,  is  of  the  same  order. 

§  65.  That  other  kind  of  repair  which  shows  itself  in  the 
regeneration  of  lost  members,  is  comprehensible  only  as  an 
effect  of  actions  like  those  just  referred  to.  The  ability  of 
an  organism  to  recomplcto  itself  when  one  of  its  parts  has 
been  cut  off,  is  of  the  same  order  as  the  ability  of  an  injured 
crystal  to  recomplete  itself.  In  either  case,  the  newly^assimi- 
lated  matter  is  so  deposited  as  to  restore  the  original  outline. 
And  if  in  the  case  of  the  crystal,  we  say  that  the  whole 
'^ggi'^g&te  exerts  over  its  parts,  a  force  which  constrains  the 
newly-integrated  atoms  to  take  a  certain  definite  form  ;  we 
must  in  the  case  of  the  org^ism,  assiune  an  analogous  force. 
This  is,  in  truth,  not  an  hypothesis :  it  is  nothing  more  than 
a  generalized  expression  of  the  facts.  If  when  the  leg  of  a 
lizard  has  been  amputated,  there  presently  buds  out  the  germ 
of  a  new  one,  which,  passing  through  phases  of  development 
like  those  of  the  original  leg,  eventually  assumes  a  like  shape 
and  structure ;  we  assert  nothing  more  than  what  we  see, 
when  we  assert  that  the  organism  as  a  whole  exercises  such 
power  over  the  newly-forming  limb,  as  makes  it  a  repetition 
of  its  predecessor.  If  a  leg  is  reproduced  where  there  was  a 
leg,  and  a  tail  where  there  was  a  tail ;  wo  have  no  alternative 
but  to  conclude  that  the  aggregate  forces  of  the  body,  con- 
trol the  formative  processes  going  on  in  each  part.     And  on 
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ooutemplating  tbooo  facts  in  connexion  with  various  klndral'l 
OQoe,  there  is  Haggestod  the  hypothesis,  that  the  form  of  euuh 
species  of  orgauism  is  determined  by  u  peculiarity  in  the  con- 
stitution of  its  units — that  these  have  a  special  structure  in 
which  they  teud  to  arrange  themselves ;  just  as  have  tho 
simpler  units  of  inorganic  matter.  Let  us  glance  at  the  evi- 
doiices  which  more  especially  thrust  this  conclusion  upon  us. 

A  fragment  of  a  Begoniu-lcAf,  imbedded  in  fit  soil  and  kept 
Bt  un  appropriate  temperature,  will  develop  a  young  Bego- 
nia ;  and  so  small  is  the  fragment  which  is  thus  capable  of 
originating  a  complete  pUnt,  that  something  like  a  hundred 
plants  might  be  produced  from  a  single  leaf.  I'he  fnend  to 
whom  I  owe  this  observation,  tells  mo  that  various  succulent 
plants  have  like  powers  of  multiplication.  Illustrating  a 
Bimihir  po«er  among  animals,  we  have  the  often-citod  exper- 
iments of  Trcmbley  on  the  common  polypo.  Each  of  the 
four  pieces  into  which  one  of  these  creatures  was  cut,  grew 
into  a  perfect  individual.  In  each  of  theae  again,  bisection 
and  tri-section  cficet«d  a  liko  result.  And  so  with  their 
aogmenls,  similarly  product^,  until  as  many  as  fifty  polyprs 
hud  resulted  from  tho  original  one.  Bodies  when  cut  vS 
regenerated  heads ;  heads  regenerated  bodies ;  and  when  a 
polype  bad  been  divided  into  as  many  pieces  as  was  practica< 
ble,  nearly  every  piece  survived  and  became  a  complclo 
animaL  What,   now,  is  the    imptieatioii  f    We 

cannot  say  that  in  each  portion  of  a  Ilcgoniu-luaf,  and  ia 
every  fragment  of  a  Uydru's  bo<ly,  there  exists  a  ready- 
formed  model  of  the  entire  organism.  Even  wore  there 
warrant  for  tho  nnw  obandoned  doctrine,  tluit  the  genn  of 
every  orgaiiisni  cunLuiiH  the  perfect  organism  in  miiiialurp,  it 
still  could  not  bo  couUinded  that  eot^h  coiiMderuble  part  of  tho 
porfoct  organism  resulting  from  such  a  germ,  contains  another 
Kuch  miiiiaturo.  Indeed  tlie  one  hypothesis  obviously  ncga- 
lives  the  other.  We  have  therefore  no  alternative  bat  to 
mf,  that  the  living  particles  composing  one  of  these  frag- 
iDonts,  have  nn  innatv  tendency  to  ammgo  tbomaolreB  into 
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the  sliape  of  the  organism  to  which  they  belong.  We  must 
infer  that  a  plant  or  animal  of  any  species,  is  made  up  of 
special  units,  in  all  of  which  there  dwells  the  intrinsic  apti- 
tude to  aggregate  into  the  form  of  that  species :  just  as  in  the 
atoms  of  a  salt,  there  dwells  the  intrinsic  aptitude  to  crystal- 
lize in  a  particular  way.  It  seems  difficult  to  conceive  that 
this  can  be  so ;  but  we  see  that  it  is  so.  Groups  of  imits 
taken  from  an  organism  (providing  they  are  of  a  certain 
bulk  and  not  much  differentiated  into  special  structures)  have 
this  power  of  re-arranging  themselves;  and  we  are  thus 
compelled  to  recognize  the  tendency  to  assume  the  specific 
form,  as  inherent  in  all  parts  of  the  organism.  Mani- 

festly too,  if  we  are  thus  to  interpret  the  reproduction 
of  an  organism  from  one  of  its  amorphous  fragments, 
we  must  thus  interpret  the  reproduction  of  any  minor 
portion  of  an  organism  by  the  remainder.  When  in  place 
of  its  lost  daw,  a  lobster  puts  forth  from  the  same  spot  a 
cellular  mass,  which,  while  increasing  in  bulk,  assimies  the 
form  and  structure  of  the  original  claw;  we  can  have  no 
hesitation  in  ascribing  this  result  to  a  play  of  forces  like 
that  which  moulds  the  materials  contained  in  a  piece  of 
Segonia-leaf  into  the  shape  of  a  young  Begonia.  In  the  one 
case  as  in  the  other,  the  vitalized  molecules  composing  the 
tissues,  show  their  proclivity  towards  a  particular  arrange- 
ment ;  and  whether  such  proclivity  is  exhibited  in  repro- 
ducing the  entire  form,  or  in  completing  it  when  rendered 
imperfect,  matters  not. 

For  this  property  there  is  no  fit  term.  If  we  accept  the 
word  polarity,  as  a  name  for  the  force  by  which  inorganic 
units  are  aggregated  into  a  form  peculiar  to  them ;  we  may 
apply  this  word  to  the  analogous  force  displayed  by  organic 
units.  But,  as  above  admitted,  polarity,  as  ascribed  to  atoms, 
is  but  a  name  for  something  of  which  we  are  ignorant — a 
name  for  a  hypothetical  property  which  as  much  needs  ex- 
planation as  that  which  it  is  used  to  explain.  Nevertheless, 
in  default  of  another  word,  we  must  employ  this :    tiiking 
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can,  Lowi'ver,  to  restrict  its  meaning.  If  we  simply  suba 
tute  the  tenn  pukrity,  for  the  circultoiia  cxpreiBaion— 
power  which  certain  unitA  liave  of  urranging  thcmaelvM 
iiito  a  spcciul  form,  we  may,  williout  assuming  iuiytiiio|^^ 
more  than  is  proved,  use  the  term  organic  polarity  or  po- 
larity of  the  organic  units,  to  Eignify  tho  proximate  cause 
of  tlie  ability  which  organisms  display  of  reproducing  loet 
porta. 

g  60,  As  we  shall  have  frequent  occasion  hereafter  to  refer 
to  these  umUi,  whieh  possess  tho  property  of  arrant^ng 
thomselvcs  into  tlio  spM^ial  structures  of  the  orgiuiisms 
to  which  thoy  belong  ;  it  will  be  well  hero  to  ask  what 
these  unit*  arc,  and  by  what  name  thoy  may  bo  most  litlj 
cnllcxl. 

On  the  one  hand,  it  cannot  be  in  thoac  proximate  chemical 
compounds  composing  organic  bodies,  that  this  specific  polar- 
ity dwells.  It  cannot  be  that  thoatoms  of  album cu,  or  fibrine, 
or  gelatine,  or  the  hypothetical  protein-substance,  posness 
this  p  iwer  of  aggregating  into  spociiic  shapi'S ;  fur  is 
Buch  case,  there  would  be  nothing  to  account  for  the  unlikc- 
neaaos  of  different  organisms.  Millions  of  species  of  plants 
uid  animals,  more  or  ln<s  lontrastod  in  their  stnicturos, 
aro  all  mainly  buiit  up  of  these  complex  utoins.  But  if  llio 
polarities  of  theno  atoms  determined  the  furma  of  t\u:  or- 
guuimna  they  coiriixued,  the  occurrence  of  sw^h  endlessly 
varied  formn  would  bo  inezplicablo.  Hence,  what  wo  may 
call  the  chemii-al  unit*,  arv  cluarly  not  tho  poaseasors  of  this 
property. 

On  tho  other  hand,  thii  property  cannot  rcmde  in  what 
may  bu  roughly  dinlitiguiaUeJ  aa  tlw  morpholoffictU  unit*,  Tltu 
germ  of  o^-ory  orguniifn  is  a  microscopic  cell.  It  is  by 
multiplication  of  cells  that  all  the  oarly  developmental  changea 
aro  effected.  Tho  various  tissues  which  successively  arise 
in  the  unfolding  organivm,  ore  primarily  cellular ;  and  in 
nuuiy  of  thorn  tho  formation  of  colla  continues  to  bo,  througH- 


WASTE  AND  REPAIB.  183 

out  life,  the  process  by  whicli  repair  is  carried  on.  But 
though  cells  are  so  generally  the  ultimate  visible  components 
of  organisms,  that  they  may  with  some  show  of  reason  be 
called  the  morphological  units ; '  yet,  as  they  are  not  uni- 
versal, we  cannot  say  that  this  tendency  to  aggregate  into 
specified  forms  dwells  in  them.  Finding  that  in  many 
cases  a  fibrous  tissue  arises  out  of  a  structureless  blastema, 
without  cell-formation  ;  and  finding  that  there  are  creatures^ 
such  as  Rhizopods,  which  are  not  cellular,  but  nevertheless 
exhibit  vital  activities,  and  perpetuate  in  their  progeny 
certain  specific  distinctions ;  we  are  forbidden  to  ascribe  to 
cells  this  peculiar  power  of  arrangement.  Nor,  indeed, 
were  cells  universal,  would  such  an  hypothesis  be  acceptable ; 
since  the  formation  of  a  cell  is,  to  some  extent  a  manifesta- 
tion of  this  same  peculiar  power. 

If,  then,  this  organic  polarity  can  be  possessed  neither  bj 
the  chemical  imits  nor  the  morphological  units,  we  must 
conceive  it  as  possessed  by  certain  intermediate  units,  which 
we  may  term  physiological.  There  seems  no  alternative  but 
to  suppose,  that  the  chemical  imits  combine  into  units 
immensely  more  complex  than  themselves,  complex  as  they 
are ;  and  that  in  each  organism,  the  physiological  imits 
produced  by  this  further  compounding  of  highly  compound 
atoms,  have  a  more  or  less  distinctive  character.  We  must 
conclude  that  in  each  case,  some  slight  difference  of  com- 
position in  these  imits,  leading  to  some  slight  difference  in 
their  mutual  play  of  forces,  produces  a  difference  in  the  form 
which  the  aggregate  of  them  assumes. 

The  facts  contained  in  this  chapter,  form  but  a  small  part 
of  the  evidence,  which  thrusts  this  assumption  upon  us.  We 
shall  hereafter  find  various  reasons  for  inferring  that  such 
physiological  imits  exist,  and  that  to  their  specific  properties, 
more  or  less  unlike  in  each  plant  and  animal,  various  organio 
])henomena  are  due. 
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{S  67.  Ix  plonta,  waste  and  repair  being  scarcelj  a^re- 
ciable,  there  nro  notliljoly  to  ariae  appreciable  ch^gea  Jn  the 
propori.inna  of  iJrciulj'- formed  porta.  Tho  only  divergcncea 
fnwn  the  avcrujfe  structure  of  a  species,  which  wo  may  expect 
purticuUr  conditions  to  produce,  are  those  producible  by  the 
ucliou  of  these  conditions  on  parts  in  course  of  formation ; 
and  such  divergences  we  do  find.  We  know  that  a  tn-e 
which,  standing  alono  in  bd  exposed  position,  has  a  short 
and  thick  stem,  bos  a  toll  and  slender  atom  when  it  grows 
in  a  wood ;  and  that  it«  branches  then  take  a  difibrent  inclin* 
atlon.  We  know  that  potato-sprouts  which,  on  reaching 
tho  liglilt  doTclop  into  foliage,  «'ill,  in  the  absence  of 
light,  grow  to  a  length  of  sovi'rnl  feet  without  fuItagr^. 
And  every  in-drior  plunt  fiinii»hc«  proof,  tJiut  shoots  and 
leavos,  by  habitually  turning  tbeniNelvua  to  the  light,  exhibit 
a  certain  adaptation — ou  adaptation  due,  as  wo  must  suppose, 
to  the  special  effects  of  the  special  conditions  on  tho  (till  grow* 
iug  ports.  In  aninials,  however,  btHidw  unalngnus 

Btmcturol  chaiigfs  wrought  during  the  period  of  growth. 
by  subjection  to  oircumatancea  unUke  tbe  onltnary  circiini- 
■tooces ;  there  are  stmctttnj  changes  similarly  wronght, 
•Her  matarity  has  boen  reached.  Organs  that  have 
UTired  at  their  fuU  size,  possMS  a  certain  modifiitbility ; 
in^TEar^whU'TTlio   oi-^iiuiiir  ".n^alii'Ic,   re^^^]]^r*ftT 
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irly  tlie  some  bulk,  the  proportions  of  its  parts  muy  1 

rably  varied.      Thpjr  yapHtinnn,  hpw.  t.rflatP/T  nf  t^rll\i^^ 
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action  ontail  apecialities  of  re-action.     Here  it  remains  to  be 
pointed  out,  that  tbe  special  actions  and  re-actiona  do  not  end 
■witli  t€niporiir>'  changes,  but  work  permanent  chang<.-B. 
If,  in  on  adult  animal,  the  waste  and  repair  in  all  parts 
>re  exactly   balanced — if   each    organ    daily   gained    by 
nutrition,  exactly  aa  much  as  it  lost  daily  by  the  discharge  of 
its  function — if  excess  of  function  were  followed  only  by  suctt 
excess  of  nutrition  as  balanced  the  extra  waste ;  it  is  eleiir 
that  there  would  occur  no  change  in  the  relative  sixes  of  J 
organs.     But  there  is  no  such  exact  balance.     If  the  exec 
of  function,  and  consequent  excess  of  wast«,  is  moderate,  it  u 
not  simply  compensated  by  repair,  but  more  than  compensate 
— there  is  a  certain  increase  of  bulk.     This  ia  true  to  soma 
degree  of  the  organism  as  a  whole,  when  the  organism  ia 
framed  for  activity.  A  considerable  waste  giving  considorabl*  i 
power  of  assimilation,  is  more  favourable  to  accumulation  o£fl 
tissue,  than  is  quiescence  with  its  comparatively  feeble  aBsirai-l" 
Lttion  :    wheMCc  results  n  certain  adaptation   of  the   wholol 
organism  to  its  requirements.     But  it  la  more  eepeciiilly  truol 
of  the  parts  of  an  organism  in  relation  to  each  other.     Than 
illustrutiuna  fall  into  several  grouiM.  The  growth 

of  mnsoles  exercised  to  an  unusual  degree,  is  a  matter  of  com- 
inon  observation.  In  the  often-cited  blacksmith's  arm,  the 
dancer's  legs,  and  the  jockej^s  crural  adductors,  we  have 
narked  examples  of  a  modiliability  which  almost  every  one 
tas  to  some  extent  experienced.  It  is  needless  to  multi- 
ply proofs.  The  occurrence  of  changes  in  the  struc- 
ture of  the  skin,  where  the  skin  is  exposed  to  a  stress  of 
function,  is  also  familiar.  That  tliickeniug  of  the  epidermis 
on  a  labourer's  palm,  results  from  continual  pressure  andJ 
firiction,  is  certain  :  those  wKs  huvo  not  before  exerted  thei 
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bonds,  fiad  that  suuh  an 


as  rowiHf^,  soon  I 


pradnec  a  Uko  tliiiikening.  This  relation  of  cause  and  e 
is  atiU  better  skown  by  tbe  marked  indurations  at  the  ends  of 
a  violinist's  fingers.  Even  in  mucous  tneinbruue,  which 
ordinarily  ia  not  subject  to  mechanical  forces  of  any  intensity, 
simiiur  modi  li  cat  ions  arc  possible:  witness  the  callosity  of 
till!  gmn^  wbiuli  aiiscs  in  those  who  have  lost  their  t«cth, and 
have   to  masticate   without   teeth.  The  Tuscular 

system  furnishes  good  instances  of  the  iucreosud  growth 
tbjit  fnlluws  increased  funetioc  When,  because  of  eomo 
permanent  obstruction  to  the  circulation,  the  heart  has  to 
exert  a  greater  contractile  force  on  the  mass  of  blood  which  it 
projwils  at  each  pulsation  into  the  artcrlcn,  and  when  there  ro- 
sulls  the  l/ibounxl  action  known  as  |Hilpitiition ;  thtre  usually 
iieeuru  ililatution,  or  hj-ponrophy,  or  a  mixture  of  tho  two ; 
tht-  dilatation,  which  is  a  yielding  of  the  heart's  structure 
under  the  increased  strain,  implying  a  failure  to  meet  the 
emcrgcn<;y  ;  hut  tho  hypertr()pby,  which  consists  in  a  thick- 
ening of  tho  heart's  muscular  walls,  being  an  adaptation  of  it 
to  Uu'  additional  oflort  required-  Again,  when  an  aneurism 
in  some  considerable  artery  has  been  obliterated,  cither  arti- 
ficially or  by  a  natural  inBammatory  process ;  and  when  this 
artery  hns  conwqucntly  ccusod  to  be  n  channel  for  tho  blood ; 
aomo  of  tho  adjacent  arterii-g  which  aniietomose  with  it, 
hwomv  i^nlargnl,  so  as  to  carry  tJio  needful  quantity  nf  blood 
to  the  parts  supplied.  Though  wo  have  no  direct 

priMvf  of  analogous  raodifications  in  uerrous  structures ;  yet 
indirect  proof  is  given  by  the  greater  cfficiopcy  that  foU 
Iowa  gTMHig  actiiraty'.  TKS  m  m^feitecr  aliko  in~tEo 
atps— ami  the  inlallegL  Tiw  palato  way  be  oultivaled  in- 
to extnane  acniitiveneM,  aa  in  proleMnonal  *"-lMfl}"k  Aff 
owliertnJ  cdaJnctor  gain^  by  wnnimni^  Bng*y*V  *"  'MaMBf  "f 
groat  aUIity  to  discriminalti  diAmwM  of  eonnd.  And  in 
the  finger-muUng  of  the  blind,  wo  bare  oridenoQ  that  tbe 
tnan  a(  touch  may  bo  brought  by  cxarciw  to  a  far  higher 
oapability  than  is  ordinary.     The  incrcanc  of  power  which 
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I  hubitiul  exertion  givtis  to  mental  feciilties,  needs  no  illuatra* 
lion :  every  person  of  edncation  has  personal  esperienca 
of  it.  Even  from  iho  osseous  structures,  evidence 

niay  bo  drawn.  The  bones  of  men  occostomed  to  great  mus- 
cuUr  action,  are  more  massive  and  have  more  strongly, 
marked  processes  for  the  attachment  of  muscles,  than  thi 
bonos  of  men  who  lead  sedentary  lives ;  and  a  like  oontrai 
holds  between  the  bones  of  wild  and  tame  animiJs  of  i 
same  species.  Adaptations  of  another  order,  in  which  there 
a  qualitatiTe  rather  than  a  qoaptitative  modification,  arise 

I  after  ccrtam  accidents  to  which  the  skeleton  is  liable.  When 
IKe  hip-joint  has  becn~3islocat«d,  and  long  delay  has  made  it 
impossible  to  restore  the  parts  to  their  proper  places,  the 
head  of  the  thigh-bone,  imbedded  in  the  surrounding  muscles, 
becomes  fixed  in  its  new  position  by  attachments  of  tibrous 
tissue,  which  afibrd  support  enough  to  permit  a  halting  walk. 
But  the  most  n:markable  modification  of  this  order  occurs  in 
ununited  fractures.  "False  joints"  are  often  formed — 
joints  which  rudely  simulate  the  hinge  structure  or  the  ball- 
and-socket  structure,  according  as  the  muscles  tend  to  pro- 
duce a  motion  of  flexion  and  extension  or  a  motion  of  rnta- 
lion.  In  the  one  case,  according  to  Rokitansky,  tho  two  ends 
of  the  broken  bone  become  smooth  and  covered  with  perios- 
teum and  fibrous  tissue,  and  are  attached  by  ligaments  that 
allow  a  certain  backward  and  forward  motion;  and  in  the 
other  case,  the  ends,  similarly  clothed  with  the  aj^ipropriala 
membranes,  become  the  one  convex  and  the  other  concart 
are  inclosed  in  a  capsule,  and  are  even  occasionftlly  supplia 
with  synovial  fiuid  I 

The  general  truth  that  extra  function  is  followed  by  eiti 
Rrowtb,  must  be  supplemented  by  the  equally  general  tru^ 
K  iimit,  usually  soon  reached,  very  litflo.  iF  a^M 
Eon  can  ho  produced.  The  experiences  fro 
l»  the  one  induction  thrust  the  other  upon  n 
i,  no  training  makes  tho  pugilist  or  the  athleti 
imy  stronger.     TOc  adult  gymnast  at  last  acquires  tho  powa 
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!to  porform  certain  difficult  feat«;  but  certain  more  tlifficalt 
fnats,  no  ndJitioonI  practice  enables  him  to  perform.  Yenra  of 
discipline  ^Te  the  singer  a  parttoolar  londneBa  and  range  of 
Toioe,  beyond  which  further  diacipline  does  not  give  irrcater 
loudness  or  wider  range :  on  the  contrarr,  iocreaged  vocal  ex- 
erciso,  caosing  a  waste  in  exoeaa  of  repair,  is  often  followed 
jy  decreafle  ol  power.  In  the  perceptions  we  aec 

mtniJar  limits.  The  culture  which  exalts  the  ausceptibility  of 
the  ear  to  the  intervals  and  harmonica  of  notes,  will  not 
turn  a  bod  ear  into  a  good  one.  Life-long  effort  fails  to 
make  this  artist  a  oorroct  draflaman,  or  that  a  fine  colouriat : 
each  does  better  t&an  he  did  at  first,  but  each  falls  short  of 
tiie  power  oltainod  by  iwnie  other  artists.  Nor  is 

tliia  trntb  less  clearly  illustrated  among  the  inore_oomplor 
mental  p«fwers.  £ach  man  has  a  mathematical  faculty,  a 
poetical  faoalty,  or  an  oratorical  faculty,  which  special  educa- 
tion improves  to  a  certain  extent.  But  unless  he  is  unusnuUr 
endowed  in  one  of  these  directions,  no  amount  of  education 
will  mako  bim  a  Kr»t-rato  maihcmaliciaii.li  (irst-rute  poet,  or 
nfiwt-rate  orator.  Thus  the  geiienil  fact  njipears  to 

tiiat  whOc  in  each  individual,  certain  changes  in  the 
ions  ol  parts,  may  be  caused  by  varialiouB  of  function, 
CQOgenital  structure  of  each  individual  puja  a  limit  to 
tin  modifialHlity  of  eToiT  part.  Nor  is  this  true  of 

iadividtitils  oaly ;  it  holdB,-in  a  scmsc,  of  epe<.'ics.  I^iaving' 
open  the  question  whether,  in  indefinite  time,  indetiuite  modi- 
fication may  not  be  produced  ;  experience  proves  Uiat  within 
assigned  times,  the  changes  wroufrbt  in  races  of  organisms 
by  changes  of  couditioiii  fall  within  narrow  limits.  Wo  see, 
for  instanec,  that  tboagh  by  discipline,  aided  by  selective 
breeding,  one  variety  of  honsc  has  had  its  locomotive  power 
increased  oonaidtTubly  beyond  the  locomotive  powers  of  other 
Tarictieo  ;  yet  that  further  increase  takes  place,  if  at  all,  at  an 
inappreciable  rate.  Tlie  diHerout  kinds  of  dogs,  loo,  in 
which  different  forms  and  capocilioi  have  been  established, 
do  not  show  aptitudes  for  diverging  in  the  Bomv  directions  at 


I 
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noaiderable  rates.  Id  domestic  animula  gonernlly,  certa 
Bucesoiona  of  intelligence  have  been  produced  by  culture ;  hvt 
acceesiona  beyond  tlieae  aro  inconspicuous.  It  ieoma  t.bat 
in  eaob  epecies  of  organiem,  tliere  is  a  margin  for  functional 
oscillations  on  all  eidea  of  a  moan  state,  and  a  consequent 
margin  of  structural  variationa ;  tlinf-  it.  i»  pfwsihU  ^ypidly  t^ 
push  functional  and  etrnctural  changes  towards  the  extreme 
oF  fTiTs  mnrgm  in  ~any~3riN?ciTon7T)otb  in  an  inaLvidUiiLjA^ 


and  fi 


illlr, 


excniu;,  jj^-..-.-.^.  ...-.i.^:..,  ;.,  .. 
ing  extra  size  and  power  in  ih' 
auch  extra  size  and  power  on  cca- 
and  eTontually  lagsea  more  or  I  >■ 
strengthened  by  a  p<.< 


lal 


-atttte. 

again  after  a  prolonged  returi 
acquired  ability  to  perform  fuata  <jt'  .-^kiU,  dL«ii'p^;<ird  in  uuurse 
of  time,  if  the  performance  of  tliem  is  jjiven  up.  For  compam- 
tive  fnilure  ui  tJlcUlllllif  a  [iipce  of  music,  in  play  ing  a  game 
at  clieas,  or  iu  anything  requiring  special  culture,  the  bein}^ 
out  of  practice  ia  a  reason  of  which  everr  one  recognize  the 
validity.  It  is  observable,  too,  that  the  rapidity  and  com- 
pleteness with  which  ^  art^iaH  jp^wf;^- jgjofit^  ia  proportionate 
to  the  shortncaa  of  the  oukivatioii  which  evoked  it.     One  who 


has  for  many  yicars  persevered  in   liabtU  which  exorcise 
special  musclea  or  special  faculties  of  mind,  retains  iho  extra 

■  Ilire.  u  in  luacliy  plucra  tbroughoul  Qiii  cbapler,  tfao  necrsdtics  of  the  nrga- 
mcnt  liavD  obtij^  mc  to  futEftBU  mpeir,  bj-atsumingtho  Mndusiua  nuchcd  in  m 
MbBqiM>it  chapter,  that  madificBtioiia  of  <tructuia  proJaoed  hj  moititlcatioat  of 
fmction,  Are  tiuumitteil  to  offspring. 


b 
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capacity  produced,  to  a  very  coosidernblo  degroe,  oven  after  ■ 
long  period  of  doaistunce  ;  but  oae  who  has  persevered  in  audi 
httbitu  for  but  a  short  time,  baa,  at  tbc  cud  of  a  liko  period, 
eoDTCcly  any  of  tbo  facility  be  bud  guincd.  Hero, 

loo,  OS  before,  euccossious  of  Drgaiiiaing  present  lin  anulugvua 
iact.  A  spooies  in  which,  domestication,  continued  throu^ 
many  generations,  baa  organized  oortaJn  peculiuritic* ;  i 
which  afterwards,  escaping  domestic  discipline,  returns  t 
something  like  ita  original  habita ;  soon  Icmos,  in  great  o 
sure,  such  peculiarities.  Though  it  is  not  true,  us  allege 
that  it  resumes  completely  the  Btnicturc  it  bod  before  dom 
ticutiun  ;  yet  it  approjdmates  to  that  structure.  The  Bingo, 
or  wild  dug  of  Australia,  is  one  of  the  instances  ^ren 
of  this ;  and  tlie  wild  horse  of  South  America  is  another. 
Mankind,  too,  supplies  us  with  instuncos.  In  the  Austra- 
lian bush,  and  in  the  backwoods  of  Amcriea,  the  Anglo- 
Saxon  race,  in  which  cinliziition  baa  developet^  the  higher 
jgelinga  to  a  coneidorablo  degree^  rapidly  lapses  into  Lv^injuru- 
tiye  barbariam :  adopting  the  moral  cude,  and  sometimes  tho 
liabits,  ofMTagoa. 

I  CS.  It  is  important  1«  reach,  if  posaiblo,  some  rationala 
of  these  general  truths— cflpccially  of  the  last  two.  A  right 
understanding  of  these  laws  of  orgunic  modi&cation,  underlies 
B  right  nnderstandiiig  of  t)ie  great  quc«tion  of  siK-ciea. 
While,  as  before  hinted  {§  40),  tho  action  of  structure  on 
function,  is  one  of  the  facton  in  that  prooeas  of  differeiiliatiua 
by  which  unlike  forma  of  plautji  an<I  auiuiuls  are  pruduLH-H], 
the  re-Bclion  of  function  on  etnieture,  is  anotbi'r  factor. 
Ilencoiina^WoU  worth  wliilo  inciuirihg  liuw  fiuMhcae  m3uo« 
tions  are  deductively  interprotablL'. 

Tho  first  of  them  is  the  most  difficult  (o  deal  with.  Why 
aa  organ  exerted  somewhat  bej-ond  it«  wont,  should  pnncntly 
grow,  and  thus  miwt  increase  of  di^mnnd  by  incn-aw  uf  sup- 
~P?7C-"~??'-5'V^'^  ^®  know,  indeed,  (lynt  Prineipln, 
K  06,  133,)  that  of  neocwty,  tho  rhytlimioal  changes  pro- 


1^ 
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duced  by  antagontHt  organic  actions,  cannot  any  of  tin 
curried  lo  an  excess  in  one  direction,  without  there  Witi] 
produced  an  equivalent  excesa  in  the  opptisite  direction, 
ia  a  corollary  from  the  persistence  of  force,  that  any  deviation 
effected  by  a  disturbing  cause,  acting  on  some  mtiuber  of  a 
moving  equilibrium,  must  (unless  it  altogether  destroys  llio 
moving  equilibrium)  be  eventually  followed  by  a  compensating 
denation.  Hence,  that  excess  of  repair  should  succeed  ex- 
cess of  waste,  is  to  bo  expected.  But  how  happens  the  mean 
state  of  the  organ  to  bo  changed?  If  daily  extra  waste 
naturally  brings  about  daily  extra  repair,  only  to  an  equiva- 
lent extent,  the  mean  state  of  the  organ  should  remain  con- 
stant. How  then  comes  the  organ  to  augment  in  size  and 
power? 

Such  answer  to  this  question  as  wo  may  hope  to  find,  must 
be  looked  for  in  t.hH_pffi^^ta_wrf»n>]|t  <^it_tb<^  Pftptuififtl  9ft  a 
whole,  by  increased  function  in  one  of  its  parts.  For  since 
tho  discnarge  of  its  function  by  any  part,  is  possible  only  on 
condition  that  those  various  other  functions  ou  which  its  own 
is  immediately  dependent,  are  also  discharged;  it  follows 
that  excess  in  its  function  prosupposes  some  exceaa  in  their 
foMctions.  Additional  work  given  to  a  muscle,  implies  ad- 
ditional  work  given  to  the  biaiicb  arteries  w^hidi  bring  it 
blood,  and_  additional  \\  liroporti.un,  to  the 

arteries  from  which  tl^  ■  >  omc.     Sitoilurly, 

the  smaller  and  larger  \  .,....■  away  the  blood,  as 

well  aa-the  absorbents  wliieh  carry  oil'  cU'eto  products,  must 
have  more  to  do.  And  yet  further,  on  tho  nervous  centres 
which  excite  the  muscle,  a  certain  extra  duty  must  fall.  But 
excess  of  waste  will  entail  excess  of  repair,  in  these  parts  as 
well  as  in  the  muscle.  The  several  appliances  by  which  tho 
nutrition  and  excitation  of  an  organ  are  carried  on,  must  u1m> 
bu  influenced  by  this  rhythm  of  action  and  re-action ;  and 
therefore,  after  losing  moro  than  usual  by  the  dcstructtvu 
process,  they  most  gain  more  thun  usund  by  the  constnictive 
process.     But  temporarily -iucreasod  efficiency  in  these  a{^ 
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pliances  by  which  blood  and  nervoua  force  are  bronght  to  SQ 
urgan,  will  causo  extra  aasimilation  in  the  organ,  Ix^yond 
that  required  to  balance  its  extra  expenditure.  Regardiog 
tlie  functions  as  consUtutiug  n  raoving  equilibrium,  va  may 
gay,  that  diverjrence  of  any  function  in  the  ilirfi-tion  of  in- 
crcase,  causes  the  functions  w-ilh  whitli    r         ■  ■■  tq 

diverge  in  ihe  samo  direction;  that  ih^ 
functions  wliieh  Jthej'  arc  bjund  "v  '^i''  i 

the  same  direction  ;  and  tiiat  (]'.■ 

nectej  functions,  ftllow  the  «]"  :  i  m 

carried  further  in  this  Jii-ectiuii   ■  .  .  I«3 

— further  than  tho  perturbing  force  coultl  uji  i_\  if  ii'  ii  lind  a 
fixed  baeia. 

T^frausf  be  admitted  that  this  is  hut  a  va^-ui'  i  ■.ijluiiiition. 
Among  actions  bo  involved  as  these,  we  can  seamdy  expect 
to  do  more  than  dimly  discern  a  harmony  with  first  princi- 
ple. That  the  facta  are  to  be  interpreted  in  some  such  way, 
may,  however,  bo  inferred  from  the  circumstance  that  aa 
extra  supply  of  bliKxl  continues  for  some  tiqie  to  bo  sent  to 
an  organ  that  has  been  unusually  exercised ;  and  that  when 
anusual  exerciso  is  long  continued,  a  permanent  increaae  of 
roiiculurity  results. 

■■Ht>09.  Anawera  to  tho  questions — Why  do  these  adaptivo 
HHilficationa  in  an  indivic^uol  animal,  soon  reach  ii  limit? 
"ral  why,  in  tho  descendants  of  such  animal,  similarly  condi- 
tioned, is  this  limit  vory  slowly  oxtcmded  f — are  to  be  found 
in  the  same  direction  aa  was  the  answer  to  the  last  quc'Stion. 
And  hofu  the  oonnoxion  of  canio  and  consoquenco  is  much 
mom  manifest. 

Sinos  the  function  of  any  organ  is  depoadont  on  the  fiinc- 
tioM  of  the  organs  which  «apply  it  with  mg^ififllH  ^4  l''*"'*^i 
and  ainoe  iJte  ftmcttons  of  thesa  lulnidiary  organs  arc  d«- 
pcndent  on  the  funetions  of  organs  which  mpply  tfwfft  ytlh 
matcrlnla  and  foTix* ;  it  fiiUow  that  betoro  aay  great  extra 
powt<r  of  diiiehafginjf  ita   niiietiop,  can  bo  gumd  bjf  a 
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qwicially-exerciaed  orgaii,  a  conaiderablo  e^tra  powpr  mng(fi| 
bo  guiued  by  a  Beriea  of  immcdiately-subBcrvient  "riTMfii  B1^    ■ 
Bome  estfft  power  by  ft  Beoondary  serieg  of  remotely-aub' 
Bcrmnt  organs.      T^hua  there  are  required  numerona  and 
wide-spread  tnodlfioations.     Before  tbe  artery  which  feeds  a 
hurd-workod  muscle,  can  permanently  furnish  a  large  ad- 
diliuiial  quaotity  of  blood,  it  must  increase  in  diameter  and 
contractile  power ;  and  that  its  increase  of  diameter  and  c< 
tractile  power  may  be  of  use,  the  main  artery  from  wliioh  it 
divurgos,  must  also  bo  so  lar  modificid  as  to  bring  this  addi- 
tional quantity  of  blood  to  tbe  branch  artery.     Similarly 
with  tbe  veins ;   similarly  with  the  absorbents ;    similat^ 
with  tlie  nerves.     And  when  we  aak  wliat  these  suhaidia: 
cliougee  imply,  we  are  forced  to  conclude  that  thare  must  Ij 
an  analogous  group  of  more  numerous  ubangcs,  mmifyin^S 
Uiroughout  tho  ej'aleai.     Tbe  growth  of  the  arteries  pri 
rily  and  secondarily  implicated,  cauijot  go  to  any  extent,   ' 
without  growth  in  tho  minor  blood-vessels  on  which  their 
nutrition  depends ;  while  their  greater  contractilo  power  in- 
volves enlargement  of  the  nerves  which  excite  them,  and 
Bume  modiKcation  of  that  part  of  the  spinal  cord  whence 
tlieee  nenroa  proceed.     Thus,  without  tracing  tb^.Ii]if  romoto 
jlterationa  implied  by  extra  growth  of  tlic  veins,  absorbents,  / 
and  other  agencua/ it  ia  manifeat  that  a  large  amount  of  re-/ 
huilduig  must  be  done  tbroughoDt  the  organiamJWore  ^V\ 
organ  of  imixirtaaco  can  be  permanently  mcroaaed  in  aize^ 
Mid  power  to  a  great  extent.      Hence,  though  such  extra 
growth  in  any   part  as  does  not  necessitate  conBidorahle 
chiingca  throughout  the  rest  of  the  organism,  may  rapidly 
take  place ;   a  further  growth  in  this  part,  requiring  a  ro- 
luodelling  of  numerous  parla  remotely  and  slightly  afFectod, 
must  take  place  but  sluwly. 

AVo  have  before  found  our  conceptions  of  vital  proceMea 

clearer  by  studying  analogous  social  processes.     In 

tocieties  there  ia  a  mutual  dependence  of  functions,  osaontially 

like  that  which  exists  in  organisms;  and  there  is  also  an 


I 
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easuDtially  like  ro-action  of  functions  on  structurea.  From  t 
luws  of  adaptive  modification  in  fiocietica,  wc  may  th«ref 
hope  to  get  a  clac  to  tho  laws  of  adaptive  modification  in 
organiams.  Let  ua  suppoi^'',  then,  that  a  society  has  arnvMl 
at  a  stato  of  equilibrium  like  that  of  a  mature  animal — « 
Btuto  not  like  our  own,  in  which  growth  and  structural  de- 
volopmcnt  ore  rapidly  going  on ;  but  a  state  of  settled 
balance  among  the  functional  powt-ra  of  the  varinua  claasos 
and  industrial  bodies,  and  o,  consequent  fixity  in  the  relaUve 
sieee  of  such  classes  and  bodies.  Further,  let  us  8up[>oBQ 
that  in  a  society  thus  butancod,  there  occurs  something  which 
throws  an  unusual  demand  on  some  one  industry — say  an 
unusual  demand  for  ships  (which  we  will  assume  to  bo  built 
of  iron)  in  consequence  of  a  competing  mBrcuntilo  nation, 
having  been  prostrated  by  famine  or  poetilence.  Tho  imme- 
diate result  of  tliis  additional  demand  for  iron  ships,  is  the 
employment  of  more  wprkmen,  and  Uio  purchase  of  more  iron, 
by  the  ship-builders;  and  when,  preai-nlly,  the  demand  con- 
tinuing, the  builders  Cud  their  premises  and  mnchinorj'  in- 
sufficient, they  enlarge  them.  If  tho  extra  requirement 
persists,  the  high  interest  and  high  wages  bring  such  extra 
capital  «jul  labour  into  the  bosinces,  as  are  neednt  for  new 
ship-building  establifihmeuts.  But  such  extra  capitaJ  and 
Labour  do  not  como  quickly ;  since,  in  a  balanced  community, 
not  increasing  in  population  and  wealth,  labour  and  capital 
have  in  bo  drawn  from  other  induatrivs,  where  they  ore 
already  yielding  the  ordinary  returns.  Let  us  now  go  a 
atep  further.  Suppose  that  this  iron-Mhip-buiMing  industry, 
having  enlarged  as  mucli  ai  the  available  capital  und  labc 
permit,  is  still  unequal  to  tho  donuind ;  whut  limits  ii 
mediate  further  growth  ?  The  lack  of  iron.  By  the  hyj 
thois,  the  iron-producing  industry,  like  all  (he  other  indim- 
triM  throiisjhout  tho  community,  yields  only  a*  much  iron  as 

I  habitually  nrquirod  fur  uU  the  purpotK^  to  which  iron  is 
applied :  ship-building  being  only  one.     If,  thi-n,  extra  iron 

I  rvquired  for  it)ii[v- building,  the  finit  t-flbct  is  tu  withdraw 
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pari  of  the  iron  habitually  consumed  for  otlier  purposes,  anil 
to  raiae  the  price  of  iron.  Prcseotly,  the  iron-makers  fea^ 
thia  chuDtre,  and  their  stocks  dwindle.  As,  however,  the 
quantity  of  iron  required  for  ship-building,  forms  but  a  small 
port  of  the  tola!  quantity  required  for  all  purposes  ;  the  ex- 
tra dciiiuiid  on  the  iron-mabors,  can  be  nothing  like  s 
in  proportion  as  la  the  extra  demand  on  the  ship-buildoia 
Whence  it  follows,  that  there  will  be  much  less  tendency  t 
an  uninediate  enlargement  of  the  iron^rodueing  industnf 
the  extra  quantity  will  for  some  time  be  obtained  by  workin 
extra  hours.  Nevertheless,  if,  as  fast  as  more  iroi 
LLua  supplied,  the  ship-building  industry  goes  on  growinS 
— if,  consequently,  the  iron-makers  experiouce  a  permanently 
increased  demand,  and  out  of  their  greater  profits  get  highsi 
inttinnt  on  capital,  as  well  as  piiy  higher  wages ;  there  will 
eventually  be  an  abstraction  of  capit^il  and  labour  from  other 
industries,  to  eidarge  the  tron-producing  industry  :  new  blast 
furnaces,  now  rolling-mills,  new  cottages  for  workmen,  v 
be  erected.  But  obvioualy,  the  inertia  of  capital  and  luboifl 
to  be  overcome,  before  the  iron-producing  industry  can  grotP 
by  a  decrease  of  some  other  industries,  will  prevent  its  growth 
from  taking  place  until  long  after  the  increased  tliip-build- 
iug  industry  has  demanded  it ;  and  meanwhile,  the  growth 
of  the  flhi J)- building  industry  must  be  limited  by  the 
delieiency  of  iron.  A  remoter  restraint  of  the  samo  i;aturo, 
meets  us  if  wo  go  a  step  further — a  restraiiit  which  can 
be  overcome,  oidy  in  a  still  longer  time.  For  the  manu- 
facture of  iron  depends  on  the  supply  of  coal.  The  pro- 
dnctioQ  of  coal  being  previously  in  equilibrium  with 
coUBumption ;  and  the  consumption  of  coal  for  the  i 
facture  of  iron,  being  but  a  small  part  of  the  total  < 
sumption  ;  it  follows  that  a  considerable  extensioa  of  the  i 
manufacture,  when  it  ut  length  takes  place,  will  cat 
comparatively  small  additional  demand  on  the  <.*oal-o\i  ners  a: 
coal-minera— a  demand  which  will  not,  for  a  long  period,  a 
fice  to  cause  enlargement  of  the  coal-  trade,  by  drawing  ci 
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and  Inbour  from  other  iaTciitmciite  aud  occupations, 
uutil  the  permanoDt  extra  demand  for  coal,  haa  become  g 
enough  to  draw  from  other  invcetmeDt^  and  occupations,  i 
tiL'ioQt  capital  and  labour  to  sink  new  mines,  thti  inur<.'asiii|^ 
production  of  iron  must  be  restricted  by  the  Marcify  of  roalj 
and  the  multiplication  of  ship-yards  and  ship-baildon*, 
must  be  checkod  by  the  want  of  iron.  Thus,  in  a  com- 
munity which  baa  reached  a  slate  of  moving  equilibrium, 
though  any  one  induhtry  directly  affected  by  an  additional 
demand,  may  rapidly  undergo  a  small  extra  growtt ; 
yet  a  growth  beyond  tbia,  requiring,  as  it  does,  tha  baild- 
ing-up  of  Bubeervient  mdnatriea,  leas  directly  and  ^tronpy 
aflpcted,  aa  well  aa  the  partial  wibuilding  of  other  inaastnas, 
can  take  place  only  with  oomparatiye  slowness.  And  a 
stili  iurther  growth,  requiring  structafal^'nioIlicittionB  of 
industries  still  more  distantly  affbctod,  must  take  place  still 
mure  slowly. 

Itetuming  from  this  analogy,  we  realise  more  clearly  tha 
trntli,  that  any  considerable  member  of  an  animal  organism, 
cannot  bo  greatly  enlarged  without  some  general  re-organiza- 
tion. Bcaidca  a  building-up  of  the  primary,  secondary,  and 
tertiary  groups  of  suljafirrignt  parts,  Hiero  muaf'  fio'an  wa- 
sundry  non-aubsorviont  parts  ; — or  at  any  rate, 
must  be  pcminiitntly  c?t.iblishcd,  a  lower  nutrition~oT 
fc  aon-Hutiiier\-ietit  parl'<.  I'Vir  il  Ttiuftt  lie  rrmi.'mbcred  that 
^  Tfaehod  a  bulanca 
ru  cannot  be  an  in- 


m  a  mature  animal, 
between  assimilation  »)! 
crease  in  the  nutrilioii  ' 
the  nutrition  of  other*  ; 
increase,  Tmpliea  an  or.- 
iniplidA  mflW  UT  Icia  < ! 
throughmit   tin- 
deeil,  is  disci -< 
go  adaptatioiiH 
white  (here  is  i  u;    I'     ■  - 
1  parts  to  I-    -J-  ■ 


ly  growing  aniiiiala  uadcr- 

i,lTT7 ifaii  aduir^i..«r  For 
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dedaction  from  other  parta.    There  is  required  only  that 
oegativo  deduction,  shown  in  the  dimiuished  growth  of  other 

part3. 

S  70,     Pursuing  the  argument  further,  we  reach  an  ( 

pUnation  of  the  third  general  truth  ;  namely,  that  orgt 

and  apecies  of  organiaq^.  which,  yuder  new  conditions,  hajl 
undergone  adaptJYe  modifications,  soon  return  to  somethingtl 
like  their  original  stnicturea,  when  restored  to  their  OTJginal 
conditions.  Seeing,  as  we  have  done,  how-eJtceas  of  action 
and  eiceaa  of  nutrition  in  any  part  of  an  organism,  must 
affect  action  and  nutrition  in  subservient  parts,  and 
these  again  in  other  parts,  uutil  the  ro-action  hus  divided 
and  subdivided  itself  throughout  the  organism,  affecting 
in  decreasing  degrees  the  more  and  more  nnmeroua  parts 
moro  and  more  remotely  implicated ;  we  see  that  tbo 
consequent  changg  in  the  part^  rBin^|^)y  jmf  lk#'^'1ii  fJin^tJ- 
tnting  the  great  maaa  of  the  organism,  must  be  extremely 
alow.  Hence,  if  the  need  for  tne  adaptive  moSIHcatiun 
ceases,  Tu-fnrpjljp  grreli  TJ^V^  if  ttlB  ^rymJam  haa,been  much 
altered  in  its  structure  by  these  ramified  but  minute  re-ac- 
tions;  we  shall  have  a  condition  in  which  the  epecially- 
n^dified  part,  ia  not  in  equilibrium  with  the  rest.  AU  thj 
ily-aifected  organa,  as  yet  but  little  changed,  will,  in 
of  the  perturbing  cause,  resume  very  nearly  thj 
ywnrious  actions.  The  parts  that  depend  on  ihom, 
consequently  by  and  by  do  the  same.  Until  at  length,  by  a 
reversal  of  the  adaptive  process,  the  organ  at  first  affected  will 
be  brought  back  almost  to  its  original  state.  Keeon- 

eidering  the  above-drawn  analogy  between  an  organism  and 
society,  will  enable  ua  better  to  realize  this  necessity.     If,  in 
the  case  supposed,  the  extra  demand  for  iron  ships,  : 
oauaing  the  erection  of  some  additional  ship-yards  c 
drawing  of  iron  from  other  manufactures,  were  to  ( 
the  old  dimensions   of  the   ship-building   trade    woul 
quickly  returned  to :  discharged  workmen  would  seek  I 


M^      tUe  old 
^b      quickly 
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Docupations,  and  the  new  yards  would  bo  dcvotod  to  otbei 
naes.      But  if   tho   increased  dcwI   fur  sliijw    Uatcd  long 
enougli,  and  bccaiue  great  eiiougli,  to  cause  a  How  of  capital 
mid  Libour  from  uther  induntriee  iiito  the  iron-mauufucture,  a 
falling  off  in  tlie  demand  far  ships,  would  much  less  rapidly 
outail  u  dwiudliii^  of  the  sliip-buildiu!^  industry.     For  iron 
being  uuvr  produced  in  greuti^r  quunlity,  a  diminlsLcd  con* 
sumption  of  it  for  ships,  would  cause  a  full  in  iU  price,  and 
a  consequent  full  in  the  coet  of  ships :   thus  eiutbling  the 
sliip-builders  to  meet  tho  compclitiuii  which  we  may  sup- 
pose led  to  a  decrease  in  tho  orders  they  received.  And  sine(v_ 
when  new  bhist-furnuees  und  rolUng-milla,  &13.,  had  been  bui 
with  capital  drawn  from  other  industrits,  its  transTereM 
back   into  other  industries,  would  involve  great  loss ; 
owners,  rather  than  transfer  it,  would  accept  unusually  low  in- 
U^nat ;  and  an  excess  of  iron  «  ould  continue  to  be  prodoeed ; 
rcHulling  in  an  undue  cheapness  uf  ships,  and  a  maintenftw 
of  the   ship-buildiiig  industry  at  a  size  beyond  the  i 
Eventually,  however,  if  the  number  of  ships  requireil  B 
diminiahed,  the  pioduotion  of  iron  in  excess  would  becom 
very  nnremunerativo :  some  of  the  blast-fumaceB  would  bo 
blown  out ;  and  us  much  of  the  capital  and  labour  as  remained 
nvuilublc,  would  bo  re-distributed  among  other  occKpations. 
Without  repeating  tho  steps  of  tho  argument,  it  will  be  cltair 
that  were  the  enlargement  of  the  ship-building  iu<lustry 
great  enough,  and  did  it  lust  long  enough,  to  cause  an  i 
CTcaao  in  the  numl>er  of  ooal-mines ;   the  ship-building  itt 
duatry  would  be  still  better  able  to  mainlain  it«elf  u 
adverfio  cireumstancoa ;  bnt  that  it  would,  though  at  a  moi 
di«tAnti>enod,  end  by  sinking  down  to  th«  necdfol  dimensioi 
Thus  our  oonclusions  are . — First,  that  if  the  extra  octivi 
and  growth  of  a  purtioular  industry,  hu  lusted  long  enough 
only  to  remodel  the  proximately- affected  imlustries ;  it  will 
dwindle  awny  again  after  a  moderate  period,  if  the  need  fur 
h  dissppisan.    Second,  that  an  enormous  jteriod  must  be  n)< 
qnircd  bofore  the  re-aotions  produced  by  an  enlarged  indiutTyi 
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can  cause  a  re-construction  of  the  whole  society,  and  before 
the  countless  re-distributions  of  capital  and  labour,  can  again 
reach  a  state  of  equilibrium.  And  third,  that  only  when 
such  a  new  state  of  equilibrium  is  eventually  reached,  can  the 
adaptive  modification  become  a  permanent  one.  How, 

in  animal  organisms,  the  like  argument  vill  hold,  needs  not 
be  pointed  out.  The  reader  will  readily  follow  the  parallel. 
That  organic  t3rpes  should  be  comparatively  stable,  might 
be  anticipated  on  the  hypothesis  of  Evolution.  If  we  assume, 
as  we  must  according  to  this  hypothesis,  that  the  structure 
of  any  organism  is  a  product  of  the  almost  infinite  series  of 
actions  and  re-actions  to  which  all  ancestral  organisms  have  . 
been  exposed  ;  we  shall  see  that  any  unusual  actions  and  re- 
actions brought  to  bear  on  an  individual,  can  have  but 
an  infinitesimal  effect  in  permanently  changing  the  structure 
of  the  organism  as  a  whole.  The  new  set  of  forces,  com- 
pounded with  aU  the  antecedent  sets  of  forces,  can  but  inap- 
preciably modify  that  moving  equilibrium  of  functions  which 
all  these  antecedent  sets  of  forces  have  established.  Though 
there  may  residt  a  considerable  perturbation  of  certain  func- 
tions— ^aconsiderable  divergence  from  their  ordinary  rhythms; 
yet  the  general  centre  of  equilibrium  cannot  be  sensibly 
changed.  On  the  removal  of  the  perturbing  cause,  the  pre- 
vious balance  will  be  quickly  restored :  the  effect  of  the  new 
forces  being  almost  obliterated  by  the  enormous  aggregate  of 
forces  which  the  previous  balance  expresses. 

S  71.  As  thus  imderstood,  the  phenomena  of  adaptation 
fall  into  harmony  with  first  principles.  The  inference  that 
organic  t}^pes  are  fixed,  because  the  deviations  from  them 
which  can  be  produced  within  assignable  periods,  are  relatively 
small ;  and  because,  when  a  force  producing  deviation  ceases, 
there  is  a  return  to  something  like  the  original  state;  proves  to 
be  an  invalid  inference.  Without  assimiing  fixity  of  species, 
wo  find  good  reasons  for  anticipating  that  kind  and  degree  of 
stability  which  is  observed.   We  find  grounds  for  concluding. 
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&  priori,  that  an  adaptive  change  of  structure,  ndll  B 
a  point  beyond  which  further  adaptation  will  be  slow ; 
ooncludtng  that  whm  the  modifying  cauae  haa  been  \fiii 
a  abort  time  in  action,  the  moditication  f^aerated,  will  b«? 
e<-une<ccnl  ;  for  concluding  that  a  mijdirrtng  canao  apUog 
iMii  lor  m.iiiy  ^'i.iiiT;iiiuiis,  will  dn  bui  little  towarda  per- 
iiuiiM  iiilv  :,]<■  riit^  ilio  ui-^Muii;  t'liuilibrium  of  a_  ntcc ; 
luid  liii'  uuiioludiiig  that  uu  ihn  ccssutiona  of  such  cause,  !t« 
effects  will  beooaie  uuappanmt  In  the  course  of  a  few  geaer> 


CHAPTER  VL 
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jl  72.  What  is  an  indiyidual  ?  is  a  question  which  many 
readers  will  think  it  easy  to  answer.  Yet  it  is  a  question 
that  has  led  to  much  controversy  among  Zoologists  and 
Botanists ;  and  no  quite  satisfactory  reply  to  it  seems  possi- 
ble. As  applied  to  a  man,  or  to  any  one  of  the  higher 
animals,  which  are  all  sharply-defined  and  independent,  the 
word  individual  has  a  clear  meaning;  thouiJi'h  even  here, 
when  we  turn  from  average  cases  to  exceptional  cases — 
as  a  calf  with  two  heads  and  two  pairs  of  fore-limbs — we 
find  ourselves  in  doubt  whether  to  predicate  one  individuality 
or  two.  But  when  we  extend  our  range  of  observation  to 
the  organic  world  at  large,  we  find  that  difficulties  allied  to 
this  exceptional  one,  meet  us  everywhere  imder  every  variety 
of  form. 

Each  uniaxial  plant  may  perhaps  fairly  be  regarded  as  a 
distinct  individual;  though  there  are  botanists  who  do  not 
make  even  this  admission.  What,  however,  are  we  to  say  of 
a  multiaxial  plant  P  It  is,  indeed,  usual  to  speak  of  a  tree 
with  its  many  branches  and  shoots,  as  singular ;  but  strong 
reasons  may  be  urged  for  considering  it  as  pluraL  Every 
one  of  its  axes  has  a  more  or  less  independent  life,  and  when 
cut  off  and  planted,  may  grow  into  the  likeness  of  its  parent; 
or  by  grafting  and  budding,  parts  of  this  tree  may  be 
developed    upon  another  tree,   and    there   manifest   their 
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•peciGc  peculiarities.  Shall  wo  regunl  all  the  growing  tutee 
thus  reaultiojj  from  slips  and  grafU  and  buds,  an  parta  of  one 
individual,  or  as  distinct  iudividunb  ?  If  a  strawbcrry-plont 
aends  out  runners  carrying  buds  at  their  cuds,  which  strika 
root  ond  grow  into  independent  plants,  that  separate  from 
the  original  ono  by  decay  of  the  runnera,  must  we  not  say 
that  they  posseas  scparute  individualities  ;  and  yet  if  we  do 
tttjg,  are  wc  not  at  a  loss  to  say  when  Ctlcir  Bopnrate  individu- 
alities were  established,  onlees  wo  admit  that  cacTi  b'a3"wa» 
fjrqih  the  beginning  an  indivlduiil  ?  Commenting  on  euch 
perplexities,  Schlciden  says — "  JIuch  lins  been  written  and 
disputed  concerning  the  conception  of  the  individual,  with- 
out, however,  elucidating  the  subject,  principally  owing  to 
the  misconception  that  still  exist«  as  to  the  origin  of  the  oob< 
ocption.  Now  tho  individual  is  no  conception,  but  tli 
subjective  coniprebciiaion  of  an  actiuil  object,  prceeuted 
under  some  given  specifio  conception,  and  on  this  latter  it 
alone  depends  wliether  the  object  is  or  is  not  an  individual. 
Under  the  specific  conception  of  the  solar  system,  ours  is  an 
individual :  in  relation  to  the  specific  conception  of  a  phmct- 
ary  body,  it  is  an  aggregate  of  many  individuals."  •  '  •  "I 
think,  however,  that  looking  at  the  indubitable  facts 
aIrviulymentionod,and  the  relations  treated  of  in  the  course  of 
these  considerations,  it  will  appear  most  advantageous  and 
most  useful,  in  u  scientific  point  of  view,  to  consider  the 
Tegetablc  cell  as  the  general  tyjie  of  the  plant  («implc  plant 
of  the  first  order).  Under  thia  conception,  Pftitococciia  and 
other  plants  cousiating  of  only  one  cell,  and  tho  spore  uud 
poUen-gmnulc,  will  appear  as  individuals.  Such  individuali 
may,  however,  again,  with  a  partial  renuiicialicm  of  thi  ' 
dividual  indepetidonoe,  comhino  under  definite  lawi 
definite  forms  (somewhat  as  the  individual  uninml*  do 
globcT  of  the  V'okox  fflobator'}.  These  again  appear  ei 
cully  u  individual  beings,  under  a  oonceptimi  of  a  sjj 
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(simplo  planU  of  tlio  socoad  order)  derived  from  the  form  ( 
the  normal  connexion  of  the  elemontniy  individuals, 
we  cannot  stop  here,  since  nature  heraelf  combines  theee  ii 
dividuals,  under  a  definite  form,  into  larger  associutioni 
whence  we  draw  the  third  conception  of  the  plant,  fvom  I 
cunnoxion,  as  it  were,  of  the  second  power  (compound  plai 
— planta  of  the  third  order).  The  simple  plant  proceedio 
from  the  comhiuation  of  the  elementary  individuals  is  thea 
termed  a  bud  [gemma),  in  the  composition  of  plants  of  L 
third  order." 

The   animal  kingdom  presents  still  greater  dilBcultie 
"When,  from  sundry  points  on  the  body  of  a  common  poly] 
there  bud-out  young  polypes,  which,  after  acquiring  moutU 
and  tentacles  and  closing  up  the  communications  bctweeol 
their  stomachs  and  the  stomach  of  the  parent,  finally  separate 
from  the  parent ;  we  muy  with  propriety  regard  them  as  dis- 
tinct inilividuula.    But  when,  in  the  allied  compound  Sydro- 
zoa,  we  find  that  those  young  polypes  conliiiue  pcrmaneutt 
connected  with  tlio  parent  j  ond  when,  by  this  conlinuoui 
budding-out,  there  is  presently  produced  a  tree- like  aggro*  ■ 
gation,  having  a  common  alimentary  canal  into  which  the 
digestive  cavity  of  each  polype  opens;  it  is  no  longer  so 
clear  that  these  little  sacs  furnished  with  mouths  and  tenia-, 
cles,  are  severally  U>  bo  regarded  as  distinct  individuals.    Wo 
I  cannot  deny  a  certain  individuality  to  the  polypcdum.     And 
I  on  discovering  that  some  of  the  buds,  instead  of  uniulJiug  in 
the  same  manner  as  the  rest,  are  tiansformcd  into  capsules 
in  which  eggs  are  developed — on  discovering  that  certain  of 
the  incipient  polypes  thus  become  wholly  dependent  ou  tha^ 
aggregate  for  tlicir  nutrition,  and  discharge  functions  wbic 
Imve   nothing  to  do  with  their  own  maintenance,  ■ 
slill  clearer  proof  that  the  individualities  of  the  members  a 
partially  merged  in  the  individuality  of  the  group.     Othelj 
organisms  belonging  to  the  same  order,  display  atiU  i 
decidedly  this  transition  from  simple  individualities  to  a  voin^' 
plex  individuality.     In  the  Vipkyei  ther«  is  a  special  modi£- 
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catioii  of  one  or  more  members  of  the  pol^^-pedom  iuto  a 
ewimming  apparatus,  which,  by  its  rhythmicui  contractions, 
propels  itself  through  the  water,  drawing  the  polypedom  oAct 
it.  And  in  the  mure  differentiated  Phyealtti,  various  org»iia 
rcault  from  the  metamorphosis  of  parts  that  are  the  tomo- 
logues  of  individual  polypes.  la  this  last  instance,  the  in- 
dividuality of  the  aggregate  is  so  predominant,  that  the 
individualities  of  the  members  are  practically  lost  Tliia 

combination  of  individualities  In  such  way  as  to  produce  a 
composite  individual,  meetd  us  in  other  forms  among  the 
ascidian  moUoscs.  While  in  some  of  these,  as  in  the 
ClaMlina,  the  animals  associated  are  but  little  subordinnled 
to  the  community  they  form  ;  in  otliers,  as  in  the  Boityi/uirt, 
they  are  so  fused  into  a  rounded  mass,  as  to  present  the 
appearance  of  a  single  animal  with  aeveral  mouths  and 
etumocbs. 

On  the  hypothesis  of  Evolution,  porploxitios  of  this  nature 
are  just  such  as  we  might  anticipate.  If  Life  tn  general,  oora- 
meticed  with  minute  and  simple  forms,  like  those  out  of 
which  all  individual  organisms,  however  complex,  now 
originate  ;  and  if  the  transitions  from  these  primordial  unita 
to  organisms  made  up  of  groups  of  such  units,  and  to  liighcr 
organistDS  made  op  of  groups  of  such  groupa,  took  place  by 
degrees;  it  ia  clear  that  individualities  of  the  first  anil 
simpleot  order,  would  merge  gradually  in  those  of  a  larger 
and  more  complex  order,  and  those  again  in  others  of  an 
order  having  still  gn»tcr  bulk  and  orgooixatioo ;  and  that 
hcnco  it  would  be  impowiblo  to  say  where  the  lower  iiidivi- 
dnalitiea  ceaaed,  and  the  higher  individaatities  oommenced. 

g  7^.  To  meet  these  diiGcultios,  it  has  boon  pniposwd  that 
the  whole  prodact  of  a  single  fortilir^d  germ,  shall  be  rv- 
garii-il  as  a  single  individual :  whether  such  whole  product 
be  organized  into  ouo  mass,  or  whether  it  be  organized  into 
many  maasea,  that  are  partially  or  completely  aeparate.  It 
ii  lu^gad  that  whethor  the  dovdopmeut  of  the  fiortilixod  germ 
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bo  continuous  or  discontinuous  (§  50)  is  a  matUr  of  secondary 
importance ;  that  the  totality  of  living  tissue  to  vhich  the 
fertilized  germ  gives  rise  in  any  one  case,  is  the  equivalent 
of  the  totality  to  which  it  gives  rise  in  any  other  case ;  and 
that  wo  must  recognize  this  equivalence,  whether  such  totality 
of  living  tissue  takes  a  concrete  or  a  discrote  arrangement. 
In  pursuance  of  this  view,  a  zoological  individual  is  consti- 
tuted either  by  any  such  single  animal  as  a  mammal  or  bird, 
which  may  properly  claim  tlio  title  of  a  soon,  or  by  any  such 
group  of  animals  as  the  numerous  Medusa:'  that  have  been 
developed  from  the  same  egg,  which  aro  to  be  severally  dis- 
tinguished as  sooids. 

Admitting  it  to  be  very  desirablo  that  there  should 
words  for  expressing  these  relations  and  this  equivalence, 
may  still  be  objected,  that  to  apply  the  word  indindual  to  a 
numberof separate livingbodies, is  inconvenient;  conflictingao 
much,  as  it  does,  with  the  ordinary  conception  which  this  word 
suggests.  It  seenss  a  questionable  use  of  language  to  say  that 
the  countless  masses  of  Anacharu  Alstnatirum,  which,  within 
these  few  years,  have  grown  up  in  our  rivers,  canals,  and 
pouds,  are  all  part^  of  one  individual ;  and  yet  as  this  plant 
does  not  seed  in  England,  ihcao  countless  masses,  having 
arisen  by  discontinuous  development,  must  be  so  regarded,  if 
we  accept  the  above  definition. 

It  may  be  contended,  too,  that  while  it  does  violence 
our  established  way  of  thinking,  this  mode  of  interpretin| 
the  facta  is  not  without  its  difBculties — smaller,  perhaps, 
than  those  it  escapes,  hut  still  considerable.  Something 
Boems  to  be  gained  by  ^tricting  the  application  of  the  titlt 
individual,  to  organiama  which,  being  in  all  rcsi>ect8  full] 
developed,  possess  the  [wwer  of  producing  their  kind 
the  ordinary  acxoal  method;  and  denying  this  title  to  th( 
incomplete  organisms  which  have  not  this  power.  But  the 
definition  does  not  really  establish  this  distinction  for  us.  On 
the  one  hand,  we  have  cases  in  which,  as  in  the  working 
the  whole  of  the  germ-product  is  aggregated  into 
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organism ;    and  yet,  though  an  individual  according  to  th« 
defiuition,  this  organism  has  no  power  of  reproducing  its 
kind.     On  the  other  hand,  we  have  cusea  like  that  of  tin 
perfect  Aphides,  whero  the  organism  is  but  an  infiiiitcsimqlJ 
part  of  the  germ-product ;    and  yet  has  that  complcteneM    i 
required  for  Bcsual  reproduction.  Moreover,  if  Tfl 

adopt  the  proposed  viow,  we  find  ourselves  committed  to  the 
nnomnlous  position,  that  among  many  orders  of  animals,  thcru 
are  no  ooncroto  individuals  at  all.     If  the  individual  ie  coiisti 
tutcd  hy  the  whclo  germ-product,  whether  continuously  (Hpfl 
diacontinuoualy  dsvoloped,  then,  not  only  must  individuali^M 
bo  deiiipd  to  each    of  the  imperfect  Aphides,  but    olflo   I 
each  of  Uie  perfect   males   and    females ;   since   no  one  o(:l 
them  ia  more  than  a  minute  fraction  of  the  total  gen 
product.  And  yet  further,  it  ini)rht  be  urjrcd  \ 

some  show  of  reason,  that  if  the  conception  of  individunlityj 
involves  the  conception  of  completeness  ;  then,  an  organism 
which  poBsesscs  an  independent  power  of  reproducing  itself, 
being  more  complete  than  an  organism  in  which  this  power 
is  dependent  on  the  aid  of  another  organism,  is  more  io- 
dividuaL 

%  74.  There  w,  indeed,  as  already  implied,  no  definition 
of  Individ iiality  that  is  unobjectionable.  All  wc  can  do  is  to 
makv  the  bciit  practicable  coinproinii<e. 

Aa  applied  either  to  an  animate  or  an  inanimut«  object, 
the  word  indivldnal  ordinarily  connotes  union  among  the 
jMirts  of  the  object,  and    ac{)aratenc«s  from  other  objects. 
'lluB  fundamental  element  in  the  conception  of  iudividuuUty, 
we  cannot  with  pn^priety  ignore  in  thb  biological  applicatioa  J 
of  the  word.  That  which  we  call  an  individual  pUnt  or  anuna^l 
must,  therefore,  W  some  concrete  whole,  and  not  a  disiircMV 
wliolfi.  If,    howovrr,    wa   say    that   each   concrc 

living  whole  is  to  b<i  regarded  oa  an  indiWdikul,  wc  aro  stiltJ 
'  thtt  question — What  constitittea  a  concrete  livintf 
bP    A  young  organism  arising  hy  internal  or  exlet 
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gemmiitioa  fronL  a  parent  orgaaism,  passes  grudually  from  a4 
State  in  whicli  it  ia  an  indistinguishable  part  of  the  parenfeT 
organism,  to  a  state  in  which  it  ia  a  separate  organism  of  li 
atrnctuTB  with  the  parent.  At  what  stage  does  it  become  aal 
individual  ?  And  if  its  individuality  be  conceded  only  when.: 
it  completely  separates  from  the  parent,  must  wo  deny  in-l 
dividuality  to  all  organisms  thus  produced,  which  permanent]^! 
retain  their  connexions  with  their  parents  P  Or  again,  what  * 
mufit  we  say  of  tho  Hfxtocotyhis,  which  vi  an  arm  of  the 
Cuttle-fish  that  undergoes  a  special  development,  and  then 
detaching  itself,  lives  independently  for  a  considembla  ■ 
period  ?  And  what  must  we  say  of  that  larval  EcJitii 
which  is  left  to  move  about  awhile  after  being  robbod  of  ittfl 
viscera  by  tho  young  Echinus  developed  within  it  ? 

To  answer  such  questions,  wo  must  revert  to  tho  de&nttion, 
if  Life.     The  distinction  between  individual  in  its  biological'l 
?ml  sense,  must  com 
ition  of  Life,  properly  so  cnllral.     Jjife  \y^ 
"  the  definite  combination  of  heterogeneous 
UiBnge^TNrt^imuitaneous  and  sncceasive,  in  correspondence 
nth  extem-U  co-ejtiatgncefl  and  aequencesT^     Ilence,  a  biolo^ 
I  individual  is  any  concrete  wbole  having  a  etructuro 
^bich  enables  it,  when  placed  in  appropriate  conditions,  la  J 
Wntmuonsly  adjust  its  internal  relations  to  external  rcTaUona,  I 
0  maintain  tbe  equilibrium  of  its  functions.  ~  In  ^ 


pursuance  of  this  conception,  wo  must  consider  as  individuals, 
all  those  wholly  or  partially  independent  organized  masses^ 
which  arise  by  multicent.ral  and  multiaxiol  development  that 
is  either  continuous  or  discontinuous  (§  50).  We  must 
accord  the  title  to  each  separate  aphis,  each  polj-po  of  a 
pnlvpedom,  each  bud  or  shoot  of  a  flowering  plant,  wliclher 
it  dotttchea  itself  as  a  bulbil  or  remains  attaclied  as  a  branch, 
IJy  thus  intoriireting  the  facts,  wo  do  not,  indeed,  avoid  all 
an-mialies.  Wliile,  among  flowering  plants,  the  power  of  in- 
drpendont  growth  and  development,  is  usually  possessed  only 
by  shoots  or  axes ;  yet,  in  some  casea,  as  in  that  of  the  Begonia- 
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loaf  uwliilo  ainco  mentioDod,  the  appendage  of  an  axis,  or  eroa 
a  smull  fragmoQt  of  such  appendage,  is  capable  of  initialing 
anil  uarrying  on  the  functions  of  life ;  and  in  other  cases,  aa 
•bown  by  M.  Kuudin  in  the  Drotera  intermedia,  yoang 
plant*  an  oocwiionully  developed  from  the  eurfacea  of  le«res, 
whilo  still  oonnootod  willi  the  parent  plant.  ]Vor  among 
fornii  like  the  compound  llydrozoa,  doea  the  definition 
DUitblo  n«  to  decide  where  the  line  is  to  be  drawn  betweea 
tbt)  iiiilividuolity  uf  the  group  and  the  individualities  of  the 
miiDibera — merging  into  each  other,  as  these  do,  in  different 
dxgrem.  Itut,  aa  Ixtfore  suid,  such  difficulliea  must  necessa- 
rily pixvitnt  tlioinacilviui,  if  organic  forms  have  arisen  by  io- 
•unalble  (tradutions,  We  must  be  content  with  a  coursa 
whioh  (ML>nitnit«  us  to  tlie  smnllcst  number  of  incongruities ; 
ind  tliiR  oouTMi  is,  to  consider  as  on  individual,  any  centre  or 
»iia  that  is  oopablo  of  independently  corryinfr  on  thut  coa- 
tinnona  ailjustniont  of  inner  to  outer  relations  which  conBti- 
tulm  Uftt. 
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ft  75.  Hai^ino  concluded  what  constitutes  an  individual, 
we  are  in  a  position  to  deal  with  the  multiplication  of  in- 
dividuals. For  this,  the  title  Genesis  is  here  chosen,  as  being 
the  most  comprehensive  title — the  least  specialized  in  its 
meaning.  By  some  biologists,  Generation  has  been  used  to 
signify  one  method  of  midtiplication,  and  Reproduction  to 
signify  another  method ;  and  each  of  these  words  has  been 
thus  rendered  in  some  degree  unfit  to  signify  multiplication 
in  general. 

Here  the  reader  is  indirectly  introduced  to  the  fact,  that 
the  production  of  new  organisms  is  carried  on  in  fundament- 
ally unlike  ways.  Up  to  quite  recent  times,  it  was  believed, 
even  by  naturalists,  that  all  the  various  processes  of  multipli- 
cation observable  in  different  kinds  of  organisms,  have  one 
essential  character  in  common :  it  was  supposed  that  in  every 
species,  tho  successive  generations  are  alike.  It  has  now  been 
j«roved,  however,  that  in  plants,  and  in  numerous  animals,  the 
successive  generations  are  not  alike  ;  that  from  one  generation 
there  proceeds  another  whose  members  differ  more  or  less 
in  structure  from  their  parents ;  that  these  produce  others 
like  themselves,  or  like  their  parents,  or  like  neither;  but 
that  eventually,  the  original  form  re-appears.  Instead  of 
there  being,  as  in  the  cases  most  familiar  to  us,  a  constant 

recurrence  of  the  same  form,  there  is  a  cyclical  recurrence  of 
10 
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the  eaniG  form.    These  two  dJstiact  proceaacs  of  multiplies 
may  be  aptly  termed  hotnogenesu  and  heta-ogenetU.*   Uai 
these  beads  let  us  consider  tbem  more  closely. 

The  kind  of  genesis,  once  supposed  to  be  univct-ial,  in 
vbicli  the  euccessivc  generations  are  alike,  la  always  sexuu) 
genesis ;  or,  as  it  has  been  otherwise  called — gamogcwiii.  In 
every  species  of  organism  which  multiplies  by  homogcnesia, 
each  generation  cousiats  of  males  and  females  ;  aud  from  tfa« 
fertilized  germs  they  produce,  the  next  generation  of  similar 
males  and  females  arises.  This  method  of  propagation  ia 
further  distinguished  by  the  peculiarity,  that  each  fortili 
germ  gives  riao  to  but  one  individual — the  product  of  j 
velopment  is  always  organized  round  one  axis,  and  not  n 
Bovcral  axes.  Between  tho  ditferent  kinds  of  hoi 

genesis,  the  most  marked  contniat,  and  tho  only  one  whJ 
need  here  detain  us,  is  that  between  tho  oviparous  and  | 
viviparoua.     The  oviparous  kind  is  that  in  which  the  for 
ised   germ   is   detached    from    tho    parent,   before   it  ] 
nndergono  any  considerable  development,     'i'he  vivip! 
kind  is  that  in  which  development  is  considurubly  advaoi 
or  almost  oumploled,  before   final   detachment  takes  plM 
This  distinction  i.<,  however,  not  a  sharply- defined  one: 
aro  transitions  iK^twecn  the   oviparous   and   tlio  vivipam 
processes.     In  ovo- viviparous   gentsis,  there  is  a 
incubation ;  and  though  the  young  are  in  this  case  fini 
detached  from  the  parent  in  the  shape  of  eggs,  they  do  n 
leave    tho    pan-iit's   body    until    aft«tr   thoy    have    assumni 
eomething    Uko   tlio   parental    fonn.  Looking 

around,  wo  find  that  homogouMis  is  universal  among  the 
Vfrtebrala  :  there  is  no  known  Tcrlebrute  animal  but  what 
%T\Ka  from  a  fertilized  germ,  and  unites  into  its  single  iudi- 
riduolity  tho  whole  products  of  this  fertilized  gi^rm.     In 

•  Dabrttaitrlj  tha  wwJ  Mrrtfmmit,  hu  been  dnail;  nunl  u  ■  ■jnn.ijiM 
"     ~  li  peamiaB."    S»i  bj  thMc  hw  «bi>  b.li«»e  in  " 

will  b«  felt  to  imag  Uia  ironl  u 


I  the  mammala  or  highest  Vertehrata,  this  homogcneaia  is  in 
overy  case  viviparoua;  in  birds  it  is  uniformly  oviparous; 
and  in  reptiles  and  fiahca,  it  is  always  essentially  oTiparoua, 
though  tlierc  are  cases,  of  tho  kind  nbove  referred  to,  in 
which  ^-iviparity  is  aimuhited.  Passing  to  the  Inverlebrala, 
we  find  oviparous  homogenesis  universal  among  the  jiraeli» 
nkla  (except  the  Scorpionft,  which  are  ovo- viviparous) ; 
universal  among  the  higticr  Crustacea,  but  not  among 
the  lower;  extremely  general,  though  not  universal,  among 
Insects ;  and  universal  among  the  higher  MoUusca,  though 
not  among  the  lower.  Along  with  extreme  inferiority  among 
animals,  we  find  homogenesis  to  be  the  exception  rather 
than  tho  rule  ;  and  in  the  vegetal  kingdom,  there  appear  to 
be  no  cases,  save  those  of  a  few  aberrant  parasites  like  the 
Raffietiaeea,  in  which  the  centre  or  axis  which  arises  from  a 
fertilized  germ,  becomes  the  immediate  producer  of  fertilized 
germs. 

Where  propagation  is  carried  on  by  heterogenesis,  or  is  I 
characterized  by  unlikeness  of  the  suc^^ssiTe  generations, 
there  is  always  asexual  genesis  with  occasionally- recurring 
sexual  genesis;     in  other  words — affamogenesis  interrupted 
more  or  less  frequently  by  gomogencns.    If  we  set  out  with 
a  generation  of  perfect  males  and  females ;  then,  from  tlieir 
ova  or  seeds,  there  arise  individuals  that  are  neither  males  I 
nor   females,  but  that   produce  the  next   generation   from  I 
L    buds.     By  this  method  of  multiplication,  many  individuals  I 
I  originate   from  a   single  fertilized  g*rm:   the  product  of! 
"  development  is  organized  round  more  than  one  centre  or  I 
axis.  Tlie  simplest  form  of  heterogenesiB  is  that  f 

seen  in  uniaxial  plants.     It',  as  we  Und  ourselves  obliged  toJ 
do,  we  regard  each  separate  shoot,  or  axis  of  growth,  as  a  dia-  " 
tinct  individual ;  then,  in  uniaxial  plants,  the  successive  tn- 
dividiuils  are  not  represented  by  the  series  A,  A,  A,  A,  &.C., 
like  those  resulting  from  homogeneais ;  but  they  are  repre- 
Laented  by  the  scries  A,  B,  A,  B,  A,  B,  &c.     For  in  plantaJ 
1  which  were  before  classed  as  uniaxial  (g  50),  and  which  ma^r 
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be  coaTeniently  bo  distinguisbod  from  other  plants,  the  axif 
whk-h  shoot«  up  from  the  eeod,  aiid  aubstantially  conslitutM 
the  plant,  do«B  not  itself  flower  and  boar  Bood ;  but  gives  lateral 
origin  to  fioweriug,  or  seed -bearing,  axes.  Though  in  uni- 
axial plants,  tho  fructifying  apparatus  appcnn  to  bo  at  iho  end 
of  tho  primary,  vertical  axis ;  yet  diasoetion  sliows  that, 
mnqihologicully  cousidered,  each  fniotiJying  axis  ia  usually 
an  offspring  from  the  primary  axis.  There  arises  from  the  seed, 
a  sexless  individual,  from  which  spring  by  gemmation,  in* 
dividuals  having  reproductive  organs  ;  and  from  these  tbor« 
result  fertilized  germs  or  seeds,  (hat  give  rlso  to  scxleea 
individuals.  That  ia  to  say,  gamogenosis  and  agamogenens 
alternate :  the  prauliarity  being,  that  the  sexual  individu- 
als arise  from  the  seidess  ones  by  continuous  development. 
The  Salpat  show  ns  an  allied  form  of  hoterogenesia  in 
the  animal  kingdom.  Individuals  devr-loped  from  fertilized 
ova,  instead  of  themselves  producing  ferttlinxl  uva,  produce, 
by  gemmation,  strings  of  individuals;  from  which  fertilised 
ova  uguiu  originate.  In  multiaxiul  plants,  we  have 

a  succession  of  generations  represented  by  tho  series  A,  B, 
}{,  ll,  Slc.,  a,  II,  II,  It,  &e.  Sup{)OMing  A  to  bo  a  flowering 
axis,  or  sexual  individual ;  then,  from  any  fortilixud  genu  it 
costs  otr,  thi^ra  grows  np  a  sexlrm  individual,  It ;  from  this 
there  bud-out  other  sexless  individuals.  It ;  and  so  on  fur 
generations  more  or  less  numerous;  until  at  length,  from 
«om«  of  these  sexlt^ss  individuals,  there  bud-out  seod-beariog 
individuals  of  the  original  form  A.  D ranched  herha, 
•hnibs,  and  trvos,  exhibit  this  form  of  liclenigrncwia  :  th« 
succeesivo  generations  of  sexless  individuals  thus  producod, 
being  in  most  cium  oontinnously  dovoloped,  or  aggregated 
iaU)  a  oom)round  iudividu^il ;  but  being  in  Homo  cases  dis- 
conttnuously  developM.  Among  animals,  a  kind  of  hotero- 
gvncsis  n.'preiK'ntcd  by  the  some  suooeasion  of  li>tlur>,  occurs 
in  such  compiiutid  polypes  as  the  Serlularia:  and  ia 
those  of  tho  tlydnava  which  assume  altAnrnt^^ly  the  poly- 
poid form,  and  the  form  nf  tho  JUcduta :  the  chief  diffurcuora 
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presented  by  these  groups,  arising  from  the  fact  that  the 
successive  generations  of  sexless  individuals  produced  by 
budding,  are  in  some  cases  continuously  developed,  and  in 
others  discontinuously  developed ;  and  from  the  fact  that,  in 
some  cases,  the  sexual  individuals  give  off  their  fertilized 
germs  while  still  growing  on  the  parent-polypedom,  but  in 
other  cases,  not  until  after  leaving  the  parent-polypedom  and 
imdergoing  further  development.  Where,  as  in  all 

the  foregoing  kinds  of  agamogenesis,  the  new  individuals 
bud-out,  not  from  any  specialized  reproductive  organs,  but 
from  unspecialized  parts  of  the  parent ;  the  process  has  been 
named,  by  Prof.  Owen,  metagenesis.  In  most  instances,  the 
individuals  thus  produced,  grow  from  the  outsides  of  the 
parents— the  metagenesis  is  external.  But  there  is  also  a 
kind  of  metagenesis  which  we  may  distinguish  as  internal. 
Certain  entozoa  of  the  genus  Distama^  exhibit  it.  From  the 
egg  of  a  Distoma,  there  results  a  rudely-formed  creature 
known  to  naturalists  as  the  "  King's-yellow  worm."  Gradu- 
ally as  this  increases  in  size,  the  gp'eater  part  of  its  inner 
substance  is  transformed  into  young  animals  called  CercaruB 
(which  are  the  larvsQ  of  DistomcUa) ;  until  at  length,  it 
becomes  little  more  than  a  living  sac,  fuR  of  living  o&pring. 
In  the  Distoma  pacijica,  the  brood  of  young  animals  thus 
arising  by  internal  gemmation,  are  not  CercaruB,  but  are  of 
tbe  same  form  as  their  parent :  themselves  becoming  the 
producers  of  CercaricB  after  the  same  manner,  at  a  subsequent 
period.  So  that  sometimes  the  succession  of  forms  is  repre- 
sented by  the  series  A,  B,  A,  B,  &c. ;  and  sometimes  by  the 
series  A,  B,  B,  A,  B,  B,  &c.  Both  cases,  however,  exemplify 
internal  metagenesis,  in  contrast  with  the  several  kinds  of 
external  metagenesis  described  above.  That  agamo- 

genesis which  is  carried  on  in  a  reproductive  organ — either 
a  true  ovarium  or  the  homologue  of  one — ^has  been  called,  by 
Prof.  Owen^  parthenogenesis.  In  his  work  published  under 
this  title,  he  embraced  those  cases  in  which  the  buds  arising 
in  the  pseud-ovarium,  are  not  ova  in  the  full  sense  of  the 
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TTord ;  but  rather,  as  the;  have  amco  been  called  by  PmC 
naxley,  pacud-ova.  Von  Siebold  and  other  naturiiiiHCit,  havn 
hence  applied  the  term  parthenogenesis  to  a  narrower  chm 
of  cases.  Perhaps  it  would  bo  best  to  iliiitingiiish  this 
process,  which  is  iutcrmcdiatc  between  inetigeuo§ia  and 
parthenogenesis,  by  the  term  psoiido-parlhcnoi/cnfsu.  It 
is  the  process  familiarly  exemplified  in  the  Apfiidet, 
Hero,  from  tho  fertilized  eggs  laid  by  perfect  females,  therv 
grow  up  imperfect  females,  in  the  pscud-ovaria  of  which 
there  are  developed  pseud-ova  ;  and  these,  rapidly  uMuinin^ 
the  organizutioQ  of  other  imperfect  femiik's,  lire  bom  vivi- 
paroualy.  From  this  second  generation  of  imperfect 
thcru  by  and  by  arises,  in  the  same  manner,  a  third 
tion,  of  t!ic  aume  kind ;  and  so  on  for  many  gcncmtions : 
eerioa  being  thus  B}-mbolized  by  tho  letters  A,  B,  B,  B,  B, 
B,  &c.,  A.  Resjjccling  this  kind  of  hetorogenesis,  it  should 
bo  added,  that  In  animals,  as  in  plants,  tho  number  of  gmcrm- 
tions  of  sexless  individuals  produced  before  the  re-appearanca 
of  sexual  ones,  is  iiidcGiiite ;  both  in  tho  sense  that  in  the 
same  species  it  may  go  on  to  a  greater  or  leas  extent  accord- 
ing to  circumstances,  and  in  the  scnso  that  among  the  gtuiora- 
tions  of  individuals  proceeding  from  the  same  fertilized  germ, 
a  recurrence  of  sexual  individuals  takra  place  earlier  in  some 
of  tho  diverging  lines  of  multiplication  than  in  others.  In 
trues  wo  see  that  on  some  branches,  (lower-bearing  axes  arise 
while  other  branches  ore  still  producing  only  leaf-bearing 
axes  J  and  in  tho  successive  generations  of  Aphides,  a  partdlel 
truth  has  been  observed.  Liutly  has  to  bo  set  down, 

that  ftirm  of  heterugcnesis  in  which,  along  with  gum^igeniwis, 
there  occurs  a  form  uf  agamogencsis  exactly  like  it,  save  iu  ihu 
absence  of  fecundation.  This  ts  called  true  parthenogeni'sis — 
rapn^duotion  curried  on  by  virgin  mothers,  which  arc  in  all 
rtjspecbi  liko  other  mothers.  In  the  silk -wo nn -moth « 
this  parthenogenesis  is  exceptional,  rather  than  ordinary : 
usually  the  eggs  of  these  insects  are  fertilized  ;  but  if  they 
are  not,  they  uru  still  hiid,  and  some  of  them  produce  hirvax 
Id  oerlttiu  X<y«/y>((Tfl,  huwei-cr,  of  tlie  groups  Pxyrhidie  and 
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lineidm,  parthenogeDesis  appears  to  be  a  normal  process-^ 
indeedy  so  far  as  is  known,  the  only  process ;  for  of  some 
species  the  males  have  never  been  found. 

A  general  conception  of  the  relations  among  the  different 
modes  of  Genesis,  thus  briefly  described,  will  be  best  given 
by  the  following  t^jbular  statement. 


'Homogenesia^  which  is  Gamogenesia   < 


Genesis  id' 


or 


'Oyiparonfl 

or 
Ofo-yiviparoas 

or 
.Viviparous 


Heterogenesis^which  is 


fOamogenesis 
alternating 
with  f 


Parthenogenesis 
or 


Agamogenesis 


Fseudo-parthenogenesif 

or  r  Internal 

,  Metagenesis  <{       or 

[External 


This,  like  all  other  classifications  of  such  phenomena,  pre- 
sents anomalies.  It  may  be  justly  objected,  that  the  processes 
here  grouped  under  the  head  agamogenesis,  are  the  same  as 
those  before  grouped  imder  the  head  of  discontinuous  develop- 
ment (§  50) :  thus  making  development  and  genesis  partially 
coincident.  Doubtless  it  seems  awkward  that  what  are  from 
one  x>oint  of  view  considered  as  structural  changes,  are  from 
another  point  of  view  considered  as  modes  of  multiplication.* 

*  Prof.  Hnxlej  ayoids  this  difficulty  by  making  every  kind  of  Genesis  a  mode 
of  development.  His  classification,  which  suggested  the  one  given  above^  is  as 
follows  :— 


'Continnoos 


Development 


(Growth 

(  Metamorphosis 


^Discontinaous 


!  Agamogenesis 
Gamogenesis 


i  Metagenesis 
Parthenogeaesii 
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Thoro  is,  however,  nothing  for  ua  but  a  choiws  of  iinpcrre^ 
tioDS.  Wo  cuunot  by  any  logical  diclmlotnies,  it 
cxpreAS  rcliitiona  which,  in  Noture,  graduuie  into  each  olber 
inaeuaibly.  Neither  the  above,  nor  auy  other  scheme,  can  do 
more  than  give  an  approximate  idea  of  the  tnilli. 

g  76.  Gencsia  under  every  form,  is  a  process  of  nogatill 
or  positive  disintegration  ;  and  is  thus  essentially  opposed  t 
that  process  of  integration,  whiuh  is  one  element  of  individu 
evolution.  Negative  disintegration  occurs  in  those  < 
where,  as  among  tho  compound  Hi/droioa,  there  ia  a  ( 
tinuous  development  of  new  individuals  by  budding  from  t 
bodies  of  older  individuals ;  and  whore  the  older  iiidividui 
are  thus  prevented  from  growing  to  a  gretiter  size,  or  r 
ing  a  higher  degree  of  integration.  Positive  disintcgnttil 
occurs  in  those  casM  of  agaraogcncsis  where  tho  formatii 
uf  now  individuals  is  disoou tinuous,  and  in  all  cosos  of  g 
genesis.  The  degrees  of  disintognition  uro  Torions. 
the  one  extreme,  tho  parent  organism  is  completely  hroV 
up,  or  dissolved  into  nvtt  individuals  ;  and  at  tho  other 
extreme,  tho  now  individual  forms  but  a  stitull  di'dwTlion 
from  the  paront  organism.  Protozoa  and  I'rolophyta,  show 
us  timt  fumi  of  di«intcgrution  calUHl  ni>onUincoiis  fis^on: 
two  or  four  individuals  being  produced  by  the  splitting-up 
of  llio  original  ono.  Tho  yoUor  and  the  llydrodictifon, 
UK  plants  which,  having  dovolopi^  broods  of  yoimg  planlA 
within  themaclvos,  give  them  exit  by  burating ;  and  among 
animals,  the  one  lately  referred  to,  which  arises  fmm  tho 
Duioma  egg,  entirely  Io«"8  its  individuality  in  tlie  individ- 
ualities of  the  numerous  DiatomaAaxxm  with  which  it  bo- 
coracs  filled.  Speaking  gi'Dcndly,   the  dcgrro  ol 

diainttrgration  becomes  less  marked,  as  we  approach  the  hight>r 
organic  forms.  Plants  of  advanced  tj-pes  throw  off  from 
theniSclTes,  whether  by  gumogrncsis  or  oganiogcncsis,  parts 
that  are  relatively  small;  and  among  tho  biglitr  animtils, 
there  ia  no  cojm)  ia  which  the  parent  individuality  is  hohituull]' 
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lost,  in  the  production  of  new  individualitiea.  To  the 

last,  however,  there  is  of  necessity  a  greater  or  less  disinte- 
gration.  The  seeds  and  poUen-grains  of  a  flowering  plant, 
are  disintegrated  portions  of  tissue ;  as  are  also  the  ova  and 
spermatozoa  of  animals.  And  whether  the  fertilized  germs 
carry  away  from  their  parents  small  or  largo  quantities  of 
nutriment,  these  quantities  of  nutriment  in  all  cases  involve 
further  negative  or  positive  disintegrations  of  the  parents. 

New  individuals  that  result  from  agamogenesis,  usually  do 
not  separate  from  the  parent-individuals,  until  they  have 
undergone  considerable  development,  if  not  complete  develop- 
isent.  The  agamogenetic  o£&pring  of  those  lowest  organisms 
which  develop  centrally;  do  not,  of  course,  pass  beyond  cen- 
tral structure ;  but  the  agamogenetic  oflFspring  of  organisms 
that  develop  axially,  commonly  assume  an  axial  structuro 
before  they  become  independent.*  The  vegetal  kingdom  shows 
us  this  in  the  advanced  organization  of  detached  bulbils,  and 
of  buds  that  root  themselves  before  separating.  Of  animals, 
the  HydrozoGy  the  Trematoda,  the  SalptB,  and  the  Aphiden, 
present  us  with  different  kinds  of  agamogenesis,  in  all  of 
which  the  new  individuals  are  organized  to  a  considerable 
extent  before  being  cast  off.  This  rule  is  not  without  excep- 
tions, however.  The  winter-eggs  of  the  Plumatclla,  developed 
in  an  unspecialized  part  of  the  body,  present  us  with  a  case 
of  metagenesis,  in  which  centres  of  development,  instead  ol 
axes,  arc  detached ;  and  in  the  above-described  parthenogene- 
sis of  moths  and  bees,  such  centres  are  detached  from  an 
ovarium. 

When  produced  by  gamogenesis,  the  new  individuals  be- 
come independent  of  the  parents  while  in  the  shape  of  centres 
of  development,  rather  than  axes  of  development ;  and  this 
even  where  the  reverse  is  apparently  the  case.  The  fertilized 
gcnns  of  those  inferior  plants  which  are  central,  or  multicen- 
tral,  in  their  development,  are  of  course  thrown  off  as  centres. 
In  the  higher  plants,  of  the  two  elements  that  go  to  the  form- 
ation of  the  fertilized  germ,  the  pollen-cell  is  absolutely 
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aeparated  from  tho  paront-plant  uador  tho  shapo  of  •  oentre ; 
and  tho  embryo-coll,  though  not  absolutoly  separated  from 
the  piuviit,  is  still  no  longer  subordinate  to  the  organising 
forces  of  tho  parent.  So  that  when,  the  otnbryo-cell  having 
been  fertilized  by  matter  from  the  pollen-tube,  tlic  dcvulop- 
munt  commences,  it  proceeds  without  parental  control : 
the  new  individual,  though  remaining  physically  united 
with  the  old  individual,  becomes  structurally  and  functionally 
separate  while  Btill  only  a  centre  of  development;  and  takes 
on  its  asial  form  by  processes  of  its  own — the  old  individual 
doing  no  more  than  supply  materials.  Through- 

out tho  animal  kingdom,  the  now  individuals  produced  by 
f(nmogonosis,  are  obviously  separated  in  the  shape  of  cciitrv* 
of  development  wherever  the  reproduction  is  ovi|>arous .  Iho 
only  conspicuous  variation  being  in  tho  quantity  of  nutritive 
matter  boqueutliod  by  the  parent  to  the  new  centre  of  dc- 
Tolopmoiit,  at  the  time  of  its  separation.  And  though,  where 
tho  reproiluction  is  viviparous,  tho  process  appears  to  bo 
different,  and  in  one  sense  is  so ;  yet,  intrinsiuully,  it  is  tho 
•umc.  For  in  these  cases,  the  new  individual  really  detaches 
itaelf  from  the  parent  white  still  only  a  centre  of  develop- 
ment ;  but  iustoud  of  being  finally  cost  off  in  this  state,  it  ii 
nvattached,  and  supplied  with  nutriment  until  it  » 
more  or  loss  complete  axial  stmcture. 

§  77.  Under  all  its  vorious  forms,  the  essential  act  in  g 
geneais,  is  the  anion  of  two  centres  or  cells,  produced  I 
different  parent  organisms :  the  sperm-coll  being  tho 
product,  and  lh«  gcrm-ecll  tho  female.  There  arc  i 
many  modca  and  modifications  of  modes  in  which 
cells  are  produced;  very  many  modes  and  modifications  i 
moiliai  by  which  they  are  brought  into  contact;  and  v 
many  modes  and  modifications  of  modes  by  winch  ttiu 
ing  fcrtilixud  germs  have  secured  to  tlu-m  the  fit  conditiu 
for  their  development.  Put  passing  over  th<«e  many  diver- 
gent and  re-divorgent  kinds  of  aexoal  multiplication,  which 
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it  would  take  too  much  space  here  to  specify,  the  one  uni- 
Tersal  peculiarity  which  it  concerns  us  to  remark,  is,  this  co- 
alescence of  a  detached  portion  of  one  organism,  with  a  more 
or  less  detached  portion  of  another. 

Such  protophytes  as  the  PalmellcB  and  the  Desmidiea, 
which  are  sometimes  distinguished  as  unicellular  plants,  show 
us  a  coalescence,  not  of  detached  .portions  of  two  organisms, 
but  of  two  entire  organisms :  in  the  PalmdlcB,  conjugation  is 
a  complete  fusion  of  the  individuals ;  and  in  the  DesmidiecB^ 
the  entire  contents  of  the  individuals  unite  to  form  the  g^rm- 
mass.  Where,  as  among  the  ConfertHB^  we  have  aggregated 
cells  whoee  individualities  are  scarcely  at  all  subordinate  to 
that  of  the  aggregate,  the  gamogenetic  act  is  effected  by  the 
union  of  the  contained  granules  of  two  adjacent  cells.  In 
Spirogyra,  it  is  not  adjacent  cells  in  the  same  thread  which 
thus  combine ;  but  cells  of  one  thread  with  those  of  another. 
As  we  ascend  to  plants  of  high  organization,  we  find  that 
the  two  reproductive  elements  become  quite  distinct  in 
iheir  characters;  and  further,  that  they  arise  in  different 
organs  set  apart  for  their  production :  the  arrangements 
being  such,  that  the  sperm-ceUs  of  one  pla^it  combine  with 
the  germ-cells  of  another. 

There  is  reason  to  think  that,  among  the  lowest  Protozoa, 
a  fusion  of  two  individualities,  analogous  to  that  which  occurs 
in  the  conjugation  of  certain  AlgiB,  is  the  process  from  which 
results  the  germ  of  a  new  series  of  individuals.  But  in 
animals  formed  by  the  aggregation  of  units  that  are  homolo- 
gous with  Protozoa,  the  sperm-cells  and  germ-cells  are  differ* 
entiated.  And  even  in  these  humble  forms,  where  there  is  no 
differentiation  of  sexes,  we  have  good  evidence  tl^at,  as  in  aU 
higher  forms,  the  union  is  not  between  sperm-cells  and  germ- 
cells  that  have  arisen  in  the  same  individual ;  but  between 
those  that  have  arisen  in  different  individuals. 

The  marvellous  phenomena  initiated  by  the  meeting  of 
•perm-cell  and  germ-cell,  naturally  suggest  the  conception  of 
•ome  quite  special  and  peculiar  properties  possessed  by  theM 
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<x\U.  It  Boema  obvious  that  this  mysterious  power  nltiob 
thi^y  display,  of  originating  a  new  aud  complex  orgamato, 
distinguishes  them  in  the  broudest  way  from  portionsof  orgunio 
substance  in  general.  Nevertheless,  the  more  wo  study  tha 
cvidcacB,  the  more  is  this  assumption  shaken — ^thc  roore  ua 
wu  led  towards  the  conclusion,  that  these  cells  have  not! 
been  mode  by  some  unusual  elaboration,  fundameiiluUyra 
cliiTereiit  frnni   iill  other  (^<Jls.  The  first  fact  wkicl 

points  to  this  modified  conclusion,  ia  tho  fact  reoontly  dwoln 
upon  (§  G3),  that  in  many  pluut«  and  inferior  animalit, 
small  fragment  of  tissue  that  la  but  little  diflerentiated, 
capable  of  developing  into  the  form  of  the  organism  fro 
which  it  was  taken.  Conclusive  proof  obliged  as  to  adni 
that  the  component  unite  of  organisms,  have  inherent  p 
of  arranging  themBclvca  into  the  forms  of  the  organisms  ti 
which  they  belong.  And  if  to  these  comjrancnt  units.  whi< 
wo  distinguished  as  pUy8ioh>jpeal,  such  powers  must  be  o 
ceded — if,  under  fit  conditions,  and  when  not  much  sped 
they  manifest  such  powers  in  a  way  as  marked  as  t 
which  the  contents  of  sperm-oolla  and  gonn-cclU  manil 
them  ;  thou,  it  becomes  clenr  that  tho  properties  of  sporr 
o-Ils  and  giirm-cella  are  not  so  peculiar  as  we  are  f 
UMume.  Again,  tho  orgnns  for  preparing  spem 

cells  and  germ-cells,  have  none  of  Uie  spedulity  i 
turn  which  might  bo  lookod  for,  did  sperm-colU  and  gen 
celia    need    en(h)wing    with    properties   essentially 
tlioso  of  all  other  organic  agents.     On  tho  contnuy,  tbei 
reprodu»tiva  ceutros  prooood  from  ttMues  tliat  are  character-  I 
iaod  by  their  low  organization.     In  plants,  for  oxampUi,  it  ii 
not  appendages  that  have  acquired  cousidcrabls  structm 
whioh  prodaoe  the  fructifying  particles:  these  arise  at  tl 
flxtremitioa  of  tho  axM,  whore  tho  degree  of  stnietnre  is  t 
least.     The  ombryo-cells  are  formed  in  the  andiSerontiatedv 
part  of  tho  camllium-lJty4^r  ;  tba  pollen-grains  nro  formed  a 
the  littl(wliirerentiated  eztrouiitiia  of  tho  Htatuens;  and  bolk  \ 
ftrt)  homologons  with  aimpla  epitheliuwu-'Us.     Among  nuor 
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inferior  animals  devoid  of  special  reproductiTe  organs,  sucli 
as  the  HydrUy  the  ova  and  spermatozoa  origpiiate  in  the 
layer  of  indifferent  tissue  that  lies  between  the  endoderm 
and  the  ectoderm ;  that  is,  they  consist  of  portions  of  the 
least  specialized  substance.  And  in  the  higher  animals, 
these  same  generative  agents  appear  to  be  merely  modified 
epithelium-cells — cells  not  remarkable  for  their  complexity 
of  structure,  but  rather  for  their  simplicity.  If,  by 

way  of  demurrer  to  this  view,  it  is  asked  why  other  epithe- 
lium-cells do  not  exhibit  like  properties ;  there  are  two  replies. 
The  first  is,  that  other  epithelium-cells  are  usually  so  far 
changed  to  fit  them  to  their  special  functions,  that  they  are 
unfitted  for  assuming  the  reproductive  function.  The  second 
reply  is,  that  in  some  cases,  where  the  epithelium-cells  are 
but  very  little  specialized,  they  do  exhibit  the  like  properties : 
not,  indeed,  by  uniting  with  other  epithelium-ceUs  to  produce 
new  germs,  but  by  producing  new  germs  without  such  union. 
I  learn  from  Dr  Hooker,  that  the  Begonia  phyllomaniaca 
habitually  develops  young  plants  from  the  scales  of  its  stem 
and  leaves — nay,  that  many  yoimg  plants  are  developed  by  a 
single  scale.  The  epithelium-cells  composing  one  of  these 
scales,  swell,  here  and  there,  into  large  globular  cells ;  form 
chlorophyll  in  their  interiors ;  shoot  out  rudimentary  axes : 
and  then,  by  spontaneous  constrictions,  cut  themselves  ofiF; 
drop  to  the  ground ;  and  grow  into  Begonias.  It  appears, 
too,  that  in  a  succulent  English  plant,  the  Mqlaxis  paludosa, 
a  like  process  occurs :  the  self-detached  cells  being,  in  this 
case,  produced  by  the  surfaces  of  the  leaves.  Thus, 

there  is  no  warrant  for  the  assumption  that  sperm-cells  and 
germ-cells  possess  powers  fxmdamentally  unlike  those  of 
other  cells.  The  inference  to  which  the  facts  point,  is,  that 
they  differ  from  the  rest,  mainly  in  not  having  undergone 
modifications  such  as  those  by  which  the  rest  are  adapted  to 
particular  functions.  They  are  cells  that  have  departed  but 
little  from  the  original  and  most  general  type.  Or,  in  the 
words  suggested  by  a  friend,  it  is  not  that  they  are  pecidiarly 
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■pccmlized,  but  rotter  that  they  (.re  uiispet-ializ«Hl : 
i!pcciali2i(tion9  as  somo  of  them  exhibit  in  the  shape  of  \> 
motive  appliances,  &c.,  being  interpretable  not  aa  inlrii 
but  OB  extrinsic,  modificationa,  that  have  reference  to  n 
beyond  certain  tnechanioul  requirementa.  f 

facts  tend  likewise  to  show,  that  there  doea  not  exist  ihe  pro- 
found distinction  which  we  are  apt  to  asaumo,  between  th« 
male  and  feraalo  ro productive  elements.  In  the  common  _ 
polj-po,  spcrm-eoUfl  and  germ-oclls  are  dovelopc*!  in 
layer  of  indifferent  tissue ;  and  in  Tel/iya,  one  of  the  spon^ 
Prof,  lluxloy  has  observed  that  they  occur  mingled  togct 
in  the  geneml  parenchyma.  The  pollen-grains  and  embryo- 
colls  of  pinnta,  ariflo  in  odjatx^nt  parts  of  the  cnmbium-liiyer  ; 
and  from  a  description  of  a  monstrosity  in  the  Passion-flower, 
reoonlly  given  by  Mr  Salter  t«  the  Linnseau  Society,  it  ap- 
pears, both  that  ovules  may,  in  their  general  stmcturr, 
graduate  into  anthers,  and  that  they  may  produce  polU-n  in 
their  intcriora.  All  which  evidence  is  in  perfect  harmony 
with  ibo  foregoing  couelusiou;  since,  if  Bperm-cells  and 
(•irtn-cells  have  natures  not  essentially  unlike  those  of  un- 
speoialized  cells  in  general,  their  natures  cannot  bo  iimiii 
tially  unlike  each  other. 

'iliu  next  general  foot  to  bo  noted,  is,  that  these  oells 
whose  union  constitutes  the  essential  act  of  gamogcncsis,  are 
cells  in  which  the  developmental  changes  have  cnmo  to  n 
close— oeJls  whicli,  however  favourably  cireurastanced  in 
rvapect  of  nutrilion,  are  inea^wblo  of  further  orolutinn. 
Though  they  ore  not,  as  many  cells  are,  unfilted  for  growth 
and  metamorphosis  by  hting  highly  spceiulixed  ;  yet  they 
have  lost  the  power  of  growth  and  metamorphosis.  They 
haro  sereniUy  n-oched  a  state  of  equiUbrium.  And  whils 
the  internal  balance  of  forces  prevents  a  continuanee  of  cnn- 
struetivB  changes,  it  is  readily  overthrown  by  external 
destructive  forces.  For  it  uniformly  hapitma  that  apsrm- 
rells  and  germ-cells  wliieh  are  not  brought  in  eonlnd,  dimp- 
ptsr.      In   a   phuit,  the  ombryo-cell,   if  not   furtilixod,  is 
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abaorbod  or  dissipated,  while  the  ovule  aborts ;  and  t 
impregnated  ovum  evcntuuUy  decomposes. 

Suoh  being  the  cfanractera  of  these  cells,  and  such  being 
their  fates  if  kept  apart,  we  have  now  to  observe  what  liap- 
pens  when  they  are  united.  For  a  long  time,  the  immediata 
sequence  of  their  contact  was  not  oacertained.  This  is  at 
length,  however,  decided.  It  has  been  shown  that  in  plants, 
the  extremity  of  the  elongated  pollen-cell  applies  itself  to  tho 
surface  of  the  embrj'o-sac,  but  doos  not  enter  the  embryo- 
sac.  Id  animals,  however,  the  process  is  different.  Careful 
observers  agree,  that  tho  spermatozoon  passes  through  the 
limiting  membrane  of  tho  ovunL  Tlie  result  in  both  eusos  is 
presumed  to  be  a  mixture  of  the  contents  of  the  two 
eellfl.  Tho  evidence  goes  to  show  that  in  plants,  matter 
passes  by  osmoso  from  the  pollen-cell  into  the  embryoa 
cell;  and  that  in  animals,  tho  substance  contained  i 
spermatozoon  becomes  mingled  with  the  subatance  contatnS| 
in  the  ovum,  either  by  simple  diifusion  or  by  cell-muitiplid 
tion.  But  the  important  fact  which  it  chiefly  coi 

ocrns  us  to  notice,  is,  that  on  the  union  of  these  reproductill 
elements,  there  begins,  either  at  once  or  on  the  return  i 
favourable  conditions,  a  new  scries  of  developmental  chungi 
The  state  of  equilibrium  at  which  each  of  them  had  a 
is  destroyed  by  their  mutual  influenoo ;  and  the  constructive 
changes  which  had  conae  to  a  close,  recommence:  a  process 
of  cell- multiplication  is  set  up ;  and  the  resulting  cells  pra^ 
sently  begin   t«  aggregate  into  the   rudiment  of   i 
organism. 

Thus,  passing  over  the  variable  concomitants  of  gam 
genesis,  and  confiniDg  our  attention  to  what  is  constant  in  it, 
we  see : — that  there  is  habitually,  if  not  universally,  a  fusion 
of  two  portions  of  organic  substance,  which  are  eilher  thutn^ 
•elvcd   distinct  individuals,    or   arc   thrown  oS  by  distin 
individuals ;  that  these  portions  of  organic  substance,  whi' 
ore  severally  distinguished  by  their  low  degree  of  specii 
izutjuii,  have  arrived  at  states  of  structural  quiesucuce  j 
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etiuilibriuia ;  that  if  thi-y  sro  not  oQilMl,  this  equilibrium 
eode  in  dissolution ;  but  that  by  the  mixture  of  them,  thii 
eqailibnom  la  destroyed,  and  a  new  evolutioQ  initiated. 

jl  78.  VThat  lire  the  conditions  under  u-Uioh  Genesis  t 
place  ?  Kow  does  it  happen  tliut  siimo  orgauiamn  multiply 
by  bomo^nesis,  and  others  by  hot«rogonosis  P  Why  is  it 
thai  where  agamograMis  proviiils.  it  is  usually  fnjm  limo  to 
time  interrupted  by  (^Jmogl^^^«ia  ?  These  are  questions  of 
extremo  interost;  but  questions  to  which  decisive  answers 
cannot  yot  bo  given.  In  the  oristing  stute  of  Biology,  wa 
must  bo  cQiileiit  if  we  ciin  leuru  tho  direction  iu  whi  ' 
answers  lie.  A  surrey  of  the  facta,  discloses  curtain  o 
tions  which,  if  not  universal,  are  too  general  to  be  rrilhot 
siguificanoe. 

Where  the  ninlti plication  of  individuals  is  carried  on  I 
beUirogenesis,  wo  find,  iu  numerous  cose-s,  thnt  agamfigenei 
continues  as  long  as  the  forces  which  result  in  {growth,  aro 
gn-ntly  in  rxccss  of  the  antn^onbtic  forces.   ^\Tiil6  coiivereoly, 
we  find  that  the  recurrence  of  gomogentwis,  tukes  place  w 
tbc  votiditiiins  are  no  longer  so  favoursblo  to  growth, 
like  manner,  where  there  is  homogeiietiu  multiplication, 
iudividnaU  aro  iwuully  not  formed  while  the  pivceding  u 
dividoals  are  still  rapidly  growing — that  is,  whilo  the  fonx^ 
producing  growth  exceed  the  opposing  forces  to  a  great  exieiit; 
but  tho  formation  of  new  individuuls  begins  when  nulritioiL 
is  nearly  e<iuaUed  by  exjiendiluru.     To  H]M-ctfy  all  (lie  foe 
tliat  acem  to  warrant  ttivau  iiidu(.'iii>nd,  would  take  more  spa 
than  can  be  here  spared.     A  few  of  tlicm  must  su 

The  relation  between  fructification  and  innutrition,  among 
plants,  vus  lung  ago  usMiTtivl  by  u  German  biologist^by 
Wolff,  I  am  told.  When,  some  years  ago,  I  met  mtb  tho 
assertion,  I  won  nut  acquainted  with  tho  evidence  ou  which  it 
rested.  Since  that  time,  buwuvcr,  I  have,  when  occo^oib 
fkvoun^d,  esaminod  into  the  facts  fur  mywlf.  The  result  lui 
been  a  coiim-lion,  ntrrngthened  by  every  further  inquir 
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that  Bncb  a  relation  exists.  TTmaxiuI  plants  bogin  to 

produce  their  lateral,  flowering  axes,  only  B?ter  the  main 
axis  has  developed  the  great  mass  of  its  leaves,  and  is  show- 
ing its  dimioiihcd  nutrition  by  smaller  leaves,  or  shorter 
intomodes,  or  both.  In  multiaxial  plants,  two,  ihroc,  or 
more  generations  of  leaf-bearing  axes,  or  sexless  individuals, 
are  produced  before  any  sGcd-bcaring  individuals  show  tbciu- 
Bclveis.  \Vheii,  after  this  first  stage  of  rapid  growth  aiid 
agamogenetic  multiplication,  somo  gamogenetic  individuuli' 
arise,  thoy  do  so  where  the  nutrition  is  least ; — not  on  tho 
main  axis,  or  on  the  secondary  axes,  or  even  on  the  tertiary 
axes;  but  on  axes  that  aro  the  most  removed  from  the 
channels  which  supply  nutnmeDt.  Again,  a  flowering  axis 
is  commonly  less  bulky  than  tho  others :  either  much 
shorter,  or,  if  long,  much  thinner.  And  further,  it  is  an 
axis  of  which  tho  teiiuinal  iutomodea  are  undeveloped:  tho 
foliar  organs,  which  instead  of  becoming  leaves  become 
aod  pctaU,  and  stamens,  follow  each  other  in  closo  successii 
instead  of  being  separated  by  portions  of  the  still-groi 
usia.  Another  group  of  evidences  moots  ua,  when 

we  observe  the  variations  of  fruit-bearing  that  accompany 
variations  of  nutrition,  in  the  plant  regarded  as  a  whvle. 
besides  finding,  as  abovo,  that  gamogcnesis  commences  only 
when  the  luxuriance  of  early  growth  baa  been  somewhat 
checked,  by  the  extension  of  the  remoter  parts  of  the  plant  to 
some  distance  from  the  roots ;  we  find  that  gamogonosis  is 
induced  at  an  earlier  stage  than  usual,  by  checking  tho  nulri- 
tlon  Trees  aro  made  to  fruit  while  still  quite  small,  by 
cutting  their  roots,  or  putting  them  in  pots  ;  and  luxuriant 
branches  which  have  had  tho  flow  of  sap  into  them  diminir»1ii;il, 
oy  what  gardeners  call  "  ringing,"  bogin  to  produce  flowcr- 
ahoots  instead  of  leaf-shoota.  Moreover,  it  is  to  be  rcmarl 
that  trees  which,  by  flowering  early  in  tho  year,  seom 
show  a  direct  relation  botwoon  garaogenesis  and 
nutrition,  really  do  the  reverse  ;  for  in  such  trees,  the  f 
buds  are  formed  in  the  autumn — that  structure  which 
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these  buds  into  sexual  individuals,  is  given  when  tha 
iutrition  is  declining,  Convoraely,  very  high  nutri- 

tion in  plants,  provcnts,  or  arrests,  guiuogcuesia.  It 
notorious  lliat  unusual  richness  of  soil,  or  too  largo  M 
quantity  of  manure,  results  in  a  continuous  production  ol 
leaf-bearing,  or  sexless,  shoots.  Besides  being  preTent«d 
ttom  producing  sexual  individuals,  by  excoasive  nntritionr' 
Itlants  aro,  by  excessive  nutrition,  made  to  change  the  sexual 
individuals  they  woro  about  to  produce,  into  sexless  oni«. 
This  arrest  of  gamogcnosis  may  bo  seen  in  various  stages. 
The  familiar  instance  of  (towers  made  biirrcn  by  the  trans- 
Ibrmattua  of  their  stamens  iuto  petals,  shows  ua  tho  lowest 
degree  of  this  reversed  metamorphosis.  Where  tho  petals 
Hid  stamens  are  partially  changed  into  green  leaves,  tho 
return  from  the  gamogenetic  structure  towards  the  uijuhio-  I 
genetic  structure,  is  more  marked ;  and  it  is  still  mora  ■ 
marked  when,  as  occasionally  Imppens  in  luxuriantly -growing 
plants,  new  flowering  axes,  and  even  leaf-bearing  axes,  grow 
out  of  the   centred   of  flowers.*  'lite   anatomical 

Amonf  Tiriutu  exsmpla  of  tliii  which  I  bare  oWncd,  uhid  of  Ihc  nrnrt 
nmirlubtB  wire  ■mosg  FoigloTM.  proving  io  grtat  nambcn  sod  of  Infi  Mt^ 
It  ■  wond  bttvHD  Wl»UUndircU  Briili;«  and  Crioti,  in  Dabjihira.  la  on*  tarn, 
lb*  luwoat  Auwsr  on  Uw  *t«m,  ountaiatd,  in  p1u«  of  ■  [liflil,  >  ihoot  or  ipike  of 
toi>«r-bnilii,  nadlv  in  •tnutara  la  tb«  nnbrjro-bndi  of  tho  nun  ipike.  I 
od  nTenlMn  bodi  on  il;  of  which  ths  flnrt  hnil  Urn*  itiiniriu.  hat  m*  otbor- 
nomulj  tho  wennd  had  tbrog;  thr  third,  foui;  Iba  boHh,  km;  kn. 
Anolhgr  pUnt,  baring  mora  varied  momiRMiitM.  omced  nooa  of  natiition  vith 
•qnal  v1i«ni<a>.  Tho  follawing  ars  tbo  Dola  I  hwfc  of  ita  atroctsm :— lat,  at  ■ 
lowot  iamvt  on  tba  iton,  rerf  largo ;  taljs  oonUintn^  f>t[bt  iiiittooK  oas  1 
|artlf  tranarorRiod  Into  a  sotull^  and  aoetbai  tmudbrocd  into  a  Mnall  hni  vitk 
(Ibla  hud  eoniiiilal  of  a  Atg-daft  oaljx,  fi>iu  acHila  antliiii.  a  pi'lil,  and  • 
icntary  o»roIla} ;  tlu  ooralla  of  tba  main  flowur,  wliicli  ■«  wmplcle.  cm- 
liincj  >li  aUuncna.  tbin  at  tham  bcaiing  anlhcT*.  two  ulbiia  iN-injc  fl4ilciu4  an4 
Mlourcd.  and  ona  nldJmanUij  j  thota  "aa  no  pirtil,  but,  in  plia  •/  •',  a  Inrp 
ka>L  eon»i«Uij([  of  a  thna-daft  ealj'a.  of  whioh  two  diTwi.im  wen  tinu4  at  tba 

Inipaifeot  corolla,  marked  inlamallf  «tlb  lbs  iuubI  pnrplo  apnU  an4  I 
kain,  Ihnw  asthin  aiiBllo  on  tbia  nial-formad  corolla,  a  putit  a  ttrd-ii 
,*ruli^  awl,  growuf  to  It.  anolhar  bu4  of  whirh  the  ttrurtiiio  aaa  initiilinr^  J 
towar,  laifol  eaija  «f  MVaa  dlriAw,  ona  bong  tnufunii'd  lain  a 
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■tructure  of  the  sexual  axis,  affords  corroborative  evidence : 
^viiig  very  much  the  irapreaaion,  as  it  doea,  of  an  aborted 
sexleas  axis.  Bc^dcii  hicking  those  intemodes  which  the 
Icaf'bearing  axis  commouly  possesses,  the  flowering  axis 
differs  by  the  absence  of  rudimentiiry  lateral  axes.  In  a  Icaf- 
boaring  axis,  the  axil  of  every  leaf  usually  contains  a  smull 
bud,  which  may  or  moy  not  develop  into  a  lateral  axis ; 
but  though  the  petals  of  u  flower  are  homologous  with  leaves, 
they  do  not  bear  homologous  buds  at  their  bnsca.  Ordinarily, 
too,  the  foliar  appendages  of  sexual  axes,  are  much  smaller 
than  those  of  scxlees  ones — the  stamens  and  pistils  especially, 
which  are  Uie  last  formed,  being  extremely  dwarfed  ;  uiid 
there  is  even  reason  for  thinking  that  the  absence  of  chloro- 
phyll from  the  parts  of  fructification,  is  a  fact  of  like  mean- 
ing. Moreover,  the  formatioa  of  the  seed-vessel  appears 
to  bo  a  direct  consequence  of  arrested  nutrition.  If  u 
glovcd-fingor  bo  taken  to  represent  a  growing  shoot, 
(the  finger  ataudiug  for  the  core  of  the  shoot,  and  tha 
glovo  for  the  cambium-layer,  in  which  the  process  of 
growth  takes  place) ;  and  if  it  be  supposed  that  there  ia  a 
diminished  supply  of  material  for  growth  ;  then,  it  seems 
a  fair  inference,  that  growth  will  first  cease  at  the  apex  of 
the  cambium- layer,  represented  by  the  end  of  the  glove* 
finger ;  and  supposing  growth  to  continue  in  those  parts 
of  the  cambium-layer  that  are  nearer  to  the  supply  of  nutri- 
ment, their  further  longitudinal  extension  will  lead  to  the 
formation  of  a  cavity  at  the  extremity  of  the  shoot,  like  f  hut 
which  results  in  a  glove-finger  when  the  finger  is  partially 
withdrawn  and  the  glove  sticks  to  its  end.    Whcnco  it  seems, 

vilh  lirwt,bul  Riuchsmallurthiinlhcotbei;  eoroElu  larj^o  but  daft  alimg  Ihc  tup; 
•U  itanipii*  wilh  anihort,  piitil,  DDii  Be«t-tea>cl.  3ril  fluwer,  Inrgci  >ix-i'l«fl 
vifl,  olnd  eorulln,  wiUi  kk  tUaaeia,  pistil,  and  sced-risKl,  witli  a  icrODd  jiiitil 
hull  unfoldod  M  ib  apex.  4th  Howtr,  Urgr ;  diiiJed  uluug  tbo  tup,  sii  alannmc 
Slh  Howcr,  large :  GoroUn  ditidcd  iDto  thrM  puta,  «x  tlsmeiu.  Sth  fliiwor^ 
Urpi ;  corolU  deft,  alj\  nx  tleft,  the  iMt  of  tim  flowtinonmii.  TUi,  aud  all  m 
WMting  Qowen,  sdnoaL 
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both  Utat  tliis  introrersioii  of  the  cambium-layer  may  be 
considered  as  duo  to  failing  nutrition,  and  that  the  ovulea 
growing  from  ita  introverted  eurface  (which  would  have  been 
iU  outer  Burfiiee  but  for  the  defective  nutrition)  are  extremely 
aborted  liomologuea  of  external  appendages — either  leaves 
or  lateral  axes :  the  easenttal  organs  of  fructification  thus 
arising  whore  the  defective  nutrition  has  reached  its  extremt*." 
To  all  which  let  us  not  forget  to  add,  that  the  sperm-cella  and 
germ-cells  are  formed  at  the  very  ends  of  the  organs  of  fnio- 
lification. 

Those  kinds  of  animals  which  multiply  by  hetcrogenesis, 
present  us  with  a  parallel  relation  between  the  recunvncc  of 
gamogcutisis  and  the  recnrronce  of  conditions  unfavourable  to 
growth — at  least,  this  ia  shown  where  expcrimtinta  have 
thro^vTi  light  on  the  connexion  of  cause  and  effect ; 
mimely,  among  the  Aphides,  These  croalurcs,  hatclicd  from 
egga  in  the  spring,  multiply  by  agamogenesis  throughout 
the  siunmer.  When  the  weather  becomes  cold,  and  plania 
uo  lougt^r  afford  abundant  sap,  perfect  males  and  females 
aro  produced ;  and  from  gamogencsis  there  result  fertilized 
ova.  But  now  observe  that  beyond  this  evidence,  wo 
have  much  more  conclusive  evidence.  For  it  has  bL-en  shovnif 
botJi  that  the  rapidity  of  the  agumogcncsis  is  proportionate 
to  tho  warmth  aud  nutrition,  and  that  if  tliu  toniiurature  and 

■  It  appiran  that  bolanliU  iti  not  afitm  napKting  ttia  tiomnlngli'*  of  ibl 
nitlM:  (nmi  Uiliikin^  Chit  tbej  ars  mdintntarj  fiiliu  nrgona,  uid  nlluin  ihat 
Ibn;  an  niiliiHnlU)'  luJal  orguu.  rouijitr  the  Jnpute  wlU  prnn  «  boollaa 
Mai  (iiwa  Uiitre  mnu  •iIiIudc*  that  otulca  mj  be  tnnafunnal  into  oilhrr  dim 
oc  tb«  otlur.  Ut  Batlct'4  p^Hir.  latcl)'  nfcmd  Is,  •hnm  that  Uii-jr  ma; 
gradaala  iaiu  tlasHa^  wlikh  am  fulur  oigaiu ;  am]  the  c«t  of  Uim  F(>igh>*n, 
whiab  I  bam  dvnfbcil  abora,  ■bam  that  Ibvj  majr  ihmloii  inlu  flontcr-nuda, 
wUAMVSJtialatxaiu.  I  votiU  nniiiin  tonit;gi>t,  Ihat  the  ninllipling  aiidann 
■»  bt  rMOMoled.  ooljr  b^  fff^anliag  omiln  ■■  the  biiin>>li«wa  at  laleni  apprnd. 
tg«;  uid  conuilenBit  a  Utrtal  i|ipaiidii^  uooiPjHivilor  a  liif,  pint  a  rui&mrnt- 
•fj  aaia,  eitbar  of  wbieh  maj  abort,  Tbii  ii  ths  *iew  vhlcb  «*nu  eoantiman^ail 
bjdFidopiiumti  ■iMe.mtlaHniiiajce,  a  laleni  bnd,»bMMa  Ulcral  appcod- 
■p  afUB,  ihoiaa  Ml  AtMon  into  nulimentory  Ua/  and  radincniar^t  atii ;  atd 
It  b  to  lb*  latdsl  biul  in  thia  Irit  f^tt*,  that  tlia  *i«d-bnd  ot  avok  ii  boM#i 
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supply  of  food  be  artificially  maintained;  the  agamogenesis 
continues  through  the  winter.  Nay  more — ^it  not  only,  imder 
these  conditions,  continues  through  one  winter,  but  it  has 
been  known  to  continue  for  four  successive  years:  some 
forty  or  fifty  sexless  generations  being  thus  produced.  And 
those  who  have  investigated  the  matter,  see  no  reason  to 
doubt  the  indefinite  continuance  of  this  agamogenotio  mul- 
tiplication, so  long  as  the  external  requirements  are  duly 
met.  Evidence  of  another  kind,  which  points  very 

distinctly  to  the  same  conclusion,  is  furnished  by  the  hctero- 
genesis  of  the  Daphnia — a  small  crustacean  commonly  known 
as  the  Water-flea,  which  inhabits  ponds  and  ditches.  From 
the  nature  of  its  habitat,  this  little  creature  is  exposed  to  very 
variable  conditions.  Besides  being  frozen  up  in  winter,  the 
small  bodies  of  water  in  which  it  lives,  are  often  unduly 
heated  by  the  summer  sun,  or  dried  up  by  continued  drought. 
The  circumstances  favourable  to  the  JDaphnia'a  life  and 
growth,  being  thus  liable  to  interruptions  which,  in  our  cli- 
mate, have  a  regular  irregularity  of  recurrence ;  we  may,  in 
conformity  with  the  hypothesis,  expect  to  find  both  that  the 
gamogenesis  reciirs  along  with  evidence  of  declining  nutri- 
tion, and  that  its'  recurrence  is  very  variable.  This  we  do 
find.  From  Mr  Lubbock's  paper  on  the  Daphnia  in  the 
"Philosophical  Transactions"  for  1857,  and  from  further 
information  which  he  has  been  good  enough  to  furnish  me^ 
the  following  general  facts  are  deducible  : — First,  that  in 
each  ovarium,  along  with  the  rudiments  of  agamic  eggs,  or 
eggs  which,  if  developed,  produce  young  by  true  partheno- 
genesis, there  usually,  if  not  always,  exists  the  rudiment  of 
an  ephippial  egg ;  which,  from  sundry  evidences,  is  inferred 
to  be  a  sexual  or  gamic  egg.  Second,  that  according  to  cir- 
cumstances, either  agamogenesis  or  gamogenesis  takes  place ; 
but  that  if  the  agamic  eggs  develop,  the  rudimentary  gamio 
egg  disappears,  or  becomes  absorbed ;  and  conversely,  if  the 
gamic  egg  develops,  the  agamic  eggs  disappear,  or  are  ab- 
sorbed by  it.    lliird,  that  the  brood  of  agamic  eggs  contained 
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in  each  ovarium,  amounts,  undor  favourable  circumstances, 
to  08  msiiy  OS  pight  or  nine ;  wbile  of  the  gamJc  (fggn,  only 
one  at  u  tiine  ia  produced  itt  each  ovarium,  and  occusiiumlly 
one  of  the  ovaria  produoos  none :  whence  it  folIowB,  that  as 
tho  gnmic  cgf^  ts  not  mora  than  twice  the  bulk  of  the  agamic 
tgg,  the  quantity  of  matter  contained  in  an  agamic  brood,  is 
four  timcfl,  nnd  occasionally  even  eight  timea,  ae  great  oa 
that  contained  in  a  gnmic  brood.  Thus  the  quantity  of 
nutriment  expeudt^d  in  gumoguncaia  during  a  given  period 
(making  allowance  for  that  which  goea  to  the  formation  of 
the  ephippium),  ia  far  loss  than  that  expended  in  agamogeneflia 
during  a  like  period.  Seeing,  then,  thia  constant  preparation 
for  bither  gamiD  or  agamio  geneaia,  in  a  creature  liable  to 
Buch  irregular  variations  of  nutrition ;  and  seeing  that  tUo 
ogenoais  implies  by  it«  amount,  a  large  exccM  of  nutri- 
tion, wbile  the  gamogeDeois  implies  by  ita  amount,  a  small 
excess  of  nulrition  ;  we  can  scarcely  doubt  that  the  one  or 
the  othor  mode  of  multiplication  occurs,  according  aa  the 
external  conditions  are  or  are  not  favourable  to  nutrition. 

Passing  now  to  animals  which  multiply  by  homogcneaia — 
animal"  in  which  the  whole  product  of  a  fertilized  germ  ag- 
grogat«s  round  a  ninglo  centre  or  axis,  instead  of  round  many 

ILHinrm  or  axes  ;  wo  8w>,  M  before,  that  ho  long  aa  tho  con- 
dilioiiB  allow  rapid  inoreaae  in  tho  mass  of  thia  germ-product, 
the  formation  of  now  individuals  by  gamogcnesis  does  not 
tako  place,  Rpe«king  gciiorally,  wo  find  that  only  whon 
growth  is  declining  in  relative  rapidity,  do  perftH:t  sperm- 
c«lhi  and  gnnn-ctills  begin  to  ap|>eur;  and  that  the  fullest 
activity  of  the  reproductive  function,  arises  as  growth  ceases 
— apeaking  generally,  wo  mn»t  soy,  iM-cjiune,  though  this 
relation  ia  tolerably  definito  in  tho  highest  orders  of  animals 
which  multiply  by  gamograons,  it  is  1cm  duKnito  in  tho  lower 
orders.  Thia  otlmissioa  does  not  militate  against  tho  hypo- 
thesis, OS  tt  seems  to  do  ;  for  the  indefiniteneas  of  tho  relation 
0(«urs  where  the  limit  of  growtli  in  comporutiroly  indcRnitc 
Wo  saw  (S  46)  that  among  actire,  hot>bloodcd  creatures, 
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aavii  as  mammals  and  birds,  the  inevitablo  balaucing  uf 
asBimilulion  by  expenditure,  establislies,  for  each  species,  an 
almost  uuiform  adult  &ize ;  and  among  cteaturcs  of  thoae 
kindsy  (birds  especially,  in  which  this  restriutive  effect  of 
esponditure  is  most  conspicuous),  the  connexion  between 
cassation  of  growth  and  commencement  of  reproduction,  is 
distinct.  But  we  also  saw  (g  46)  that  where,  as  in  the  Cro- 
codile and  tho  Pike,  the  conditions  and  habits  of  life  ore  such, 
that  expenditure  docs  not  overtake  assimilation  as  the  size 
iucreoses,  there  is  no  precise  limit  of  growth ;  and  in  creatures 
thus  circumstanced,  wo  may  naturally  look  for  a  compara- 
tively indeterminate  relation  between  declining  gro^vth  and 
commencing  reproduction.*  There  is,  indeed,  among 

fishes,  at  least  one  coso  which  appears  very  anomalous.  The 
mole  parr,  or  young  of  the  male  salmon,  a  fish  of  four  or  five 
iuclies  in  length,  is  said  to  produce  milt.  Having,  at  thia 
early  stage  of  its  growth,  not  one  hundredth  of  the  weight 
of  a  full-grown  salmon,  how  does  its  production  of  milt 
consist  with  the  alleged  general  law  F  The  answer  must  ha 
in  ti  great  measure  hypothetical.  If  the  saltnon  is  (as  it 
ap{>earB  in  its  young  state]  a  species  of  fresh-water  trout, 
that  has  contracted  tho  habit  of  annually  migrating  to  the 
scii,  where  it  finds  a  food  on  which  it  thrives — if  tho  oi-iginal 
size  of  this  species  was  not  much  greater  than  that  of  the 
parr  (which  i^  nearly  as  large  as  some  varieties  of  lake-trout 
and  river-trout) — and  if  the  limit  of  growth  in  the  trout 
tribe  is  very  indefinite,  as  we  know  it  to  be;  then  ' 
may  reasonably  infer,  that  the  parr  has  nearly  the  adult  1 
form  and  size  of  thia  species  of  trout,  before  it  acquired 
its  migratory  habit ;  and  that  this  production  of  milt,  is, 

•  I  own  to  Mt  LubWlt  an  important  cnnflnnndon  of  thb  view.  After  slat- 
ia^  hli  belief  Uut  hilwesa  Cnutncaiuis  uul  Insecta,  Ihcro  raiati  a  phjiiiulogiMl 
rtlUion  uial<i)(niw  to  that  wliicb  eiiatt  between  wntor-'crtebiiita  Bttd  iMiiil-fcrM- 
bnts  1  Ub  iwiuled  nut  t<i  ni;,  tliul  wliHo  uunng  ta«.<et9.  tbcre  is  n  ilcAuiW  limit 
of  growth,  and  an  mmnipaiiyiog  daBnilo  commctiTOtBrnt  of  re|iroilu«tii)ii,  ■■ 
Crtutufuii,  whcra  growth  hiu  no  difinite  limit,  thtni  it  an  ilvltnilo  relntiaB,. 
in  tin  oonnneiiKmeat  of  roproduotioo  •nd  the  deortiuse  or  armt  of  gnvdi  ^ 
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iu  eitcli  cnao,  a  coacomitant  of  the  incipient  decline  df 
growth  naturally  arising  iu  the  Bpecica,  when  living  under 
the  conditions  of  its  remote  ancestora.  If  this  be  admitt«l, 
the  immonso  i^ubsequent  growth  of  Uio  parr  into  the  sutinon, 
must  bti  regarded  as  duo  to  a  suddenly -in  creased  fttc;ility  in 
obtnlning  food — a  facility  which  removes  to  a  great  distance 
the  limit  at  which  assimilatioa  is  balanced  by  expenditure ; 
and  which  has  the  cSect,  analogous  to  that  produced  in 
plants,  of  arresting  the  incipient  roproduclivo  process,  and 
causing  a  resumption  of  growth.  A  confirmation  of  this 
view  may  be  drawn  from  the  fact,  that  when  the  parr,  aflor 
its  first  migration  to  tho  soa,  returns  to  fresh  water,  having 
incrousod  iu  a  few  months  from  a  couple  of  ounces  Uy  five  or 
six  {Munds,  it  no  longer  shows  any  litiiess  for  propagutiou  : 
tho  grilse,  or  immature  sulmon,  docs  not  produce  milt  or 
■pawn.  Itut  without  citing  further  illustrations,  or 

attempting  to  meot  further  difficulties,  it  has,  I  think,  hcn'.n 
made  sufficiently  dear,  that  some  such  connexion  us  that  al- 
leged, exists.  Traversed,  as  is  this  relation  between  comraenoo- 
roent  of  sexual  rc^production  and  declining  rate  of  growth,  by 
various  other  roUtions,  it  is  (juite  as  manifest  as  we  can 
wqxKt  it  to  bo. 

The  goneral  lav  to  which  both  homogonesU  and  hetero- 
genesit  oonform,  thus  appears  to  bot  that  tho  products  of  a 
fbrtilueed  germ  go  on  accumulating  by  simple  growth,  so  long 
u  tho  forces  whence  growth  results  are  greatly  in  excess  ol 
tlic  antagonist  forces  ;  but  that  when  diminution  of  the  one 
set  of  forces,  or  iuorcoso  of  tho  other,  causes  a  consideruhlu 
drclino  in  this  exooss,  and  sa  approach  tcwards  eiiuilibnum, 
fi^rtilized  gprms  ara  again  prodacod.  Whether  the  germ- 
product  bo  orgonizod  round  one  axis,  or  round  the  luoiiy 
axes  that  arise  by  agamogencsis— whether  tbo  development 
be  oontinnous  or  discontinuous ;  mattors  not.  Whether,  as 
in  ooncfvle  organisms  liku  the  higher  animals,  thi^  approach 
to  e<iuilibrium  ruiulljt  from  that  disproportionate  increase  of 
oxp«nd!turi!  eiilaiW  by  fncroosa  of  size ;  or  wbrther,  as  in 
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partially  and  wholly  diacreto  orgaoiams,  like  most  plants  and 
many  inferior  animals,  this  approach  to  equilibrium  result* 
from  absolute  or  rclatiro  decline  of  nutrition  ;  matters  not. 
In  any  case,  the  recurrence  of  gumogenesis  is  associalcd  with 
B  mora  or  less  marked  decrease  in  the  excess  of  tissue-pro- 
ducing power.  W^e  cannot  say,  indeed,  that  a  do- 
croose  in  this  excess  always  results  in  gamogenesis ;  for  wa 
have  evidence  to  the  contrary,  in  the  fact  that  some  organ* 
urns  multiply  for  an  indefinite  period  by  agamogeneats  only. 
Thus,  the  weeping  willow,  which  has  been  propagated  through- 
out Europe,  does  not  seed  in  Europe ;  and  yet,  as  the  weep- 
ing willow,  by  iU  large  size  and  the  multiplication  of 
generation  upon  generation  of  lateral  axes,  presents  the  samo 
causes  of  IocaI  innutrition  as  other  trees,  we  cannot  ascribe 
the  absence  of  sexual  axes  to  the  continued  predominance  of 
nutrition.  Among  animals,  too,  the  anomalous  case  of  the 
Tvtcidie,  a  group  of  moths  in  which  parthenogenetie  mul- 
tiplication goes  on  for  generation  aft«r  generation,  shows  us 
that  gamogenesis  does  not  necessarily  result  from  an  appmsi- 
mnte  balance  of  assimilation  by  expenditure.  What  we  must 
Bay,  is,  that  an  approach  towards  equilibrium  between  the 
forces  which  cause  growth  and  the  forces  which  oppose 
growth,  is  the  chief  condition  to  the  recurrence  of  ganio- 
genesis  ;  but  that  there  are  other  unknown  conditions,  in  the 
absence  of  which  this  approach  to  equilibrium  is  not  followed 
by  gamogcnesia. 

g  79.  The  above  induction  is  an  approximate  answer  to 
the  question —  WTien  does  gamogenesis  recur  ?  but  not  to  the 
(question  which  was  propounded — IFXy  docs  gamogeneais  ro- 
cur  ? —  W7iy  cannot  multiplication  be  carried  on  in  all  cases, 
as  it  ia  in  many  cases,  by  agamogencsis  ?  As  already  said, 
biologic  science  is  not  yet  advanced  enough  to  reply.  Mean- 
while, ihc  evidence  above  brought  together,  suggests  a  cer- 
tain hypothetical  answer,  which  it  may  be  well  to  set  down.  J 

Seeing  as  wo  do,  on  the  one  hand,  that  gamogenesis  rocuMn 
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only  ill  mdividuols  tliat  are  approaching  towards  a  state  of 
orgftnic  equilibrium ;  aud  seeing,  on  the  other  huad,  u  W9 
do,  that  the  apcnn-cells  and  genn-oclla  thrown  off  by  such 
tadividualB,  are  colls  in  which  dcvcloproeutal  chiiugcs  luivu 
ended  in  quiisccnue,  but  in  which,  aft*r  their  union,  thora 
ariaos  a  process  of  active  cell- for tnatiun ;  wo  may  suspect 
that  the  approach  towards  a  state  of  ifcneral  equilibrium  in 
such  gamogenelic  individuals,  is  accomptinied  by  an  approach 
towards  molecular  equilibrium  in  them ;  and  tliat  the  need 
for  lliis  nnion  of  epcrm-ccll  and  gcrm-ccll,  is  the  need  for 
overthrowing  this  equilibrium,  and  re-establishing  active  mole- 
{^uiar  change  in  the  detached  germ — a  result  which  is  pro- 
bably effected  by  mixing  tliu  slightly  different  ]ihysiolr>f^cal 
units  of  slightly  differt-ut  individuals.  The  several  argu* 
inents  that  may  bo  brought  in  support  of  this  view,  cannot 
bo  eatiafuetorily  sol  forth  imtil  after  tbo  topics  of  IIeri<dity 
and  Variation  have  been  dealt  with.  Leaving  it  for  the  pre- 
sent, I  propoeo  hereafter  to  reconsider  this  question,  in  eou- 
Dcxiua  with  sundry  others  that  oro  raised  by  tbo  phenomena 
of  Genesis. 

Keforo  ending  the  chapter,  however,  it  may  be  well  to  note 
the  relations  between  these  different  modes  of  multiplication, 
and  the  conditions  of  cxistcnco  under  which  they  arc  respect- 
ively habitual.  While  tlie  explanatiaa  of  the  t«leulngi-it  is 
nntme,  it  is  ottoa  an  obverse  to  the  truth ;  for  though,  on  tho 
hypothesis  of  Evolution,  it  is  clear  tlut  things  are  nut 
arranged  tlius  or  thus  for  the  securing  of  special  ends,  it  is 
alao  dear,  that  arrangements  which  do  sixiure  thctte  special 
ends,  tend  ctintinnally  to  establish  themselves — are  eetablisb- 
od  by  their  fulfilment  of  titnso  ends.  ResidcH  imturiiig  a 
structural  fitness  between  each  kind  of  organism  and  its  cir- 
cumstances, the  working  of  "  natural  selection  "  also  tnsun.<a 
a  fitness  between  the  mode  and  rate  of  multiplication  of  ouch 
kind  of  organism  and  its  circumstances.  Wo  may,  tben^fore, 
wiihout  any  teleological  implication,  conHider  tlie  litncai  of 
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faomogeaettB  and  heterogeuesis  to  the  needa  of  the  diETereiit 
classes  of  organisms  which  exhibit  them. 
.  One  of  the  facts  to  be  observed,  is,  that  hoterogenesis  pre- 
Tails  among  organisms  of  which  the  food,  though  abundant 
compared  with  their  expenditure,  is  dispersed  in  such  a  way 
that  it  cunnot  be  appropriated  in  a  wholesale  manner.  Pro- 
tophijta,  subsisting  on  diffused  gases  and  decaying  organio 
matter  in  a  state  of  minute  subdivision ;  and  Protozoa,  to 
which  food  comes  in  the  shape  of  extremely  small  floating 
particles ;  are  enabled  by  their  rapid  agamogenotic  multipli- 
cation, to  obtain  materials  for  growth,  bettor  than  they  would 
do  did  they  not  thus  continually  divide  and  disperse  in  pur- 
suit of  it.  The  higher  plants,  having  for  nutriment  the  car- 
bonic acid  of  the  air  and  certain  mineral  components  of  the 
soil,  show  U3  modes  of  multiplication  adapted  to  the  fullest 
utilization  of  these  substances,  A  herb,  with  but  little  power 
of  forming  the  woody-fibre  requisite  to  make  a  stem  that  can 
support  wide- spreading  branches,  after  producing  a  few  sex- 
less ascs,  produces  sexual  ones ;  and  maintains  its  race  better 
by  the  consequent  early  dispersion  of  seeds,  than  by  a  further 
production  of  sexless  axes.  But  a  tree,  able  to  lift  its  suc- 
cessire  generations  of  sexless  axes  high  into  the  air,  where 
each  axis  gets  carbonic  acid  and  light  almost  as  freely  as  if  it 
grew  by  itself,  may  with  advantage  go  on  budding-out  sex- 
less axes  year  after  year;  since  it  thereby  increases  its  sub- 
sequent power  of  budding-ont  sexual  axes.  Meanwhile,  it^ 
may  advantageously  transform  into  seed-bearera,  thoso  s 
which,  in  consequence  of  their  less  direct  access  to  mat«rialan 
absorbed  by  the  roots,  are  failing  in  their  nutrition ;  for  in 
doing  Uiia,  it  is  throwing-off  from  a  point  at  which  sus- 
tenance is  deficient,  a  migrating  group  of  germs  that  may 
find  sustenance  elsewhere.  The  heterogencsis  displayed  by 
animals  of  the  CtElenterato  typo,  has  evidently  a  like  utility. 
A  polj'pe,  feeding  on  minute  annelids  and  crustaceans,  whichf 
flitting  through  the  water,  come  in  contact  with  its  tentadeaj  J 
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tnd  limitad  to  that  quantity  of  proj  which  chance  bringi 
vithiu  its  grasp ;  buds  out  j'oung  polypes  which,  dthcr  as  a 
colony  Of  as  dispersod  iDdinduals,  spread  their  tentacles 
through  a  larger  apace  of  water  than  tho  parent  alone  can ; 
and  by  producing  thein,  tho  parent  better  insures  tho  contina- 
onoe  of  its  speoica,  than  it  would  do  if  it  went  on  slowly  grow- 
ing until  itA  nutrition  was  nearly  balanced  by  its  waste,  and 
then  multiplied  by  guraogenesia.  SimiUtrly  with  the  Aphia. 
Living  on  sap  suckc-d  through  its  proboscis  from  t«nder  shoot« 
and  Itiuvca,  and  able  thus  to  take  in  but  a  very  small  quan< 
tity  in  a  ^ven  time,  this  creature's  race  is  more  likely  to 
be  preaerred  by  a  rapid  asexual  propagation  of  small  iuili- 
Tiduals,  which  disperse  themselves  over  a  wide  but  nowhere 
rich  area  of  nutrition,  than  it  wotdd  be  did  tii«  individual 
growth  continue  60  as  to  produce  large  individuals  multiply- 
ing sexually.  AVliile  at  the  same  time  we  see,  that  when 
autumnal  cold  and  diminishing  supply  of  snp,  put  a  check  to 
growth,  the  recurrence  of  gamogonosis,  and  production  of 
fertilizt.'d  ova  that  remain  dormant  through  (he  winter,  \a 
more  favourable  to  the  preservation  of  the  race,  than  would  b« 
B  further  continuance  of  agomogcnesis.  On  the 

other  band,  it  is  obvious  that  among  the  higher  aninuda, 
living  on  food  which,  though  dispersed,  is  more  or  less 
"gg^vgated  into  large  masses,  this  alternation  of  gumic  and 
agamic  reproduction  ceases  to  be  usefuL  Tho  development 
of  the  germ-product  into  a  single  organism  of  considerable 
bulk,  is  in  many  coses  a  condition  without  whi<!h  tbeeo  largo 
mosMM  of  nutriment  could  not  bo  appropriated ;  and  here  lh« 
formation  of  many  individuals  instead  of  one,  would  be  fatal. 
But  vrc  still  BOO  the  beneficial  results  of  the  general  law — the 
postponement  of  gamugeneds  until  the  rate  of  growth  begins 
to  dTCline.  For  so  long  as  tho  rata  of  growth  continues 
rapid,  it  is  a  proof  that  the  organism  gi^t*  food  with  grval 
CMiUty — that  oxpeudituro  is  not  such  as  soriously  to  check 
iiocinnulation  ;  and  that  the  sise  reached  is  as  yet  not  disad- 
ToalageouK— vr  rather,  iudocd,  that  it  is  advantaguoua.    But 
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wlien  the  rate  of  growth  is  much  decreased  by  the  compara- 
tively rapid  increase  of  expenditure — when  the  excess  of 
assimihitive  power  is  diminishing  in  such  a  way  as  to  indi- 
cate its  approaching  disappearance ;  it  becomes  needful  for 
the  maintenance  of  the  species,  that  this  excess  shall  be 
turned  to  the  production  of  new  individuals ;  since,  did 
growth  continue  until  this  excess  disappeared  through  the 
complete  balancing  of  assimilation  and  expenditure,  the  pro- 
duction of  new  individuals  would  be  either  impossible  or  fatal 
to  the  parent.  And  it  is  clear  that  *'  natural  selection  "  will 
continually  tend  to  determine  the  period  at  which  gamo- 
genesis  commences,  in  such  a  way  as  most  favours  the  main- 
tenance of  the  race. 

Here,  too,  may  fitly  be  pointed  out  the  fact,  that,  by 
*'  natural  selection,"  there  will  in  every  case  be  produced,  the 
most  advantageous  proportion  of  males  and  females.  If  the 
conditions  of  life  are  such  as  to  render  a  greater  or  less  in- 
equality of  the  sexes  beneficial  to  the  species,  in  respect 
either  of  the  number  of  the  offspring,  or  the  character  of  the 
ofispring ;  then,  those  varieties  of  the  species  which,  from  any 
cause,  approach  more  than  other  varieties  towards  this 
beneficial  degree  of  inequality,  will  be  apt  to  supplant  other 
varieties.  And  conversely,  where  equality  in  the  number  of 
males  and  females  is  beneficial,  the  equilibrium  will  be  main- 
tained by  the  dying  out  of  such  varieties  as  produce  offspring 
among  which  the  sexes  are  not  balanced. 


CHAPTER  Vm. 
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i  80.  Already,  in  lie  last  two  chapters,  tiic  law  of  beredi- 
Ury  tronsmuBioa  liaa  been  Ucitly  asgumcd;  as,  indeed,  it 
itDBVuidiibly  is  iu  all  such  discusaions.  Understood  in  iu 
entirety,  tlio  Liw  ie,  that  each  plant  or  animal  produces 
others  of  liko  kind  nilh  itself :  the  likeness  of  kind  consist- 
lag,  not  80  much  in  the  repetition  of  individual  tmita,  as  in 
tie  oaauniption  of  the  same  general  Btructuro.  This  truth  hua 
been  rendered  so  faniiliar  by  daily  illustration,  as  almost  lo 
have  lost  ita  aigniiicancc.  That  wheat  produces  vh«tt — that 
existing  oxen  bavo  descended  from  ancestral  oxen — that  every 
unfolding  organism  eventually  takes  the  form  of  the  cIoh, 
order,  genuM,  and  spccioa  from  which  it  sprang ;  ia  o  fiiut 
which,  by  foroo  uf  repetition,  has  nc^jnired  in  our  uiinds 
almost  the  aspect  of  a  necessity.  It  is  in  this,  liovcver, 
that  Heredity  is  prinei[iKlIy  diBpluyed :  the  phenomena  com- 
monly referred  lo  it,  being  quite  subordinate  niiuiifeslatiuns. 
And,  OS  thus  understood.  Heredity  u  universal,  'lite  various 
•  of  hctorogcnc-«is  lately  contempluled.  seem,  indeed, 
»  at  variance  with  this  aAserlion.  JJut  they  ore  not 
yu.  Though  the  recurrence  of  like  forms,  is,  in  tliesu  in- 
I,  not  direct  but  cyclical,  still,  the  like  forms  do  recur ; 
and  when  taken  together,  the  group  uf  fonns  produeed  during 
QDs  of  tb«  oyclcs,  is  as  much  like  the  groupK  produced  in  pre- 
[  eyelet,  a*  the  single  individual  arising  by  hotno- 
I.  ia  like  ancestral  individuals. 


WhDo,  however,  tto  general  truth  that  organisms  of  a 
given  type  uniformly  descend  from  organisms  of  the  same 
type,  is  8o  well  estublislied  by  infinite  illuaf rations,  aa  to  Lave 
nssamed  the  character  of  an  axiom  ;  it  is  not  universally 
admitted  that  non-typical  peculiarities  are  inherited,  While 
the  botanist  would  be  so  incredulous  if  told  that  a  plunt  oi 
one  class  bad  produced  a  plant  of  another  class,  or  that  from 
aeods  belonging  to  one  order  individuals  belonging  to  another 
order  had  grown,  that  he  would  deem  it  needless  to  examine 
tho  evidence ;  and  while  tho  zoologist  would  treat  with  con- 
tempt the  assertion,  that  from  the  ogg  of  a  fish  a  reptile  had 
arisen,  or  that  an  implacental  mammal  had  borne  a  pla- 
cental Oiammal,  or  that  an  uiiguiculale  qnadruped  had  sprung 
from  an  ungulate  quadruped,  or  oven  that  from  individuals 
of  one  species  of&pring  of  an  allied  species  had  proceeded  ; 
yet  there  are  botanists  and  zoologists  who  do  not  consider  it 
certain,  that  tho  minor  apeciahties  of  organization  are  trans* 
mitted  from  one  generation  to  another.  Some  naturalisla 
seem  to  entertain  a  vague  belief,  that  the  law  of  Ueredity 
applies  only  to  main  characters  of  structure,  and  not  to  d^ 
tails ;  or,  at  any  rate,  that  though  it  appliea  to  such  details 
aa  (.onstitute  differences  of  species,  it  does  not  apply  to 
smaller  details.  The  circumstance  that  tho  tendency  to  re- 
petition, is  in  a  slight  degree  qualified  by  tho  tendency  to 
variation  (which,  as  we  shall  hereafter  see,  is  but  an  indirect 
result  of  the  tendency  to  repetition),  leads  some  to  doubt 
whether  Heredity  is  unlimited.  A  careful  weighing  of  the 
evidence,  however,  and  a  due  allowance  for  the  influences  by 
which  the  mimtkr  manifestations  of  Heredity  are  obacured 
will  remove  the  grounds  for  this  scepticism. 

First  in  order  of  importance,  comes  the  fact,  that  not  only 
are  there  uniformly  transmitted  from  an  organism  to  its 
offspring,  those  traits  of  structure  which  distinguish  the  class, 
order,  genua,  and  species;  hut  also  those  which  distinguish 
the  variety.  We  have  uumtToua  cases,  among  both  plants 
«nd  animals,  where,  by  natural  or  artifiGiul  conditions,  there 
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have  boon  producod  diverKont  modifioations  of  tho  sama 
■peuies  ;  and  abundant  proof  exists  that  the  membera  of  any 
one  Bub-apecic8,  habitually  tranBtnit  their  distinctive  pecn- 
liarities  to  their  descendantB.  A^culturists  and 

gardenors  can  furnish  unquestionable  illustrutions.  Soveral 
varietiea  of  wheat  are  known ;  of  whith  each  reproduce* 
itaelf.  Since  its  introduction  into  England,  there  have  boon 
formed  from  tlie  potato,  a  nutubcr  of  Bub-Bpecies;  some  of  them 
differing  greatly  in  tbeir  forma,  flizee,  qualities,  and  periods 
of  ripening.  Of  poos,  also,  the  like  may  be  said.  And  the 
case  of  the  cabbagv-tribc,  is  often  cited  aa  showing  the  per- 
manent estahUahment  of  races  that  have  diverged  widely 
from  a  common  stock.  Among  fruits  and  Howcra,  the  multi- 
plication of  kinds,  and  the  continuanco  of  each  kind  with 
certainty  by  agamogencais,  and  to  some  extent  by  gaino- 
genesis,  might  be  exemplified  without  end.  From  all 

sides  evidence  may  be  gathered  sbowuig  a  liko  persistence  of 
Torieties  in  each  species  of  animal.  Wo  have  our  distinct 
breeds  of  ahoop,  our  distinct  breeds  of  cattle,  our  distinct 
breeds  of  horses:  oaeh  breed  munljiinin;;  its  cburHcl eristics. 
The  several  sorts  of  dogs,  which,  if  we  accept  tlie  phyniolo 
gicot  teat,  we  must  consider  as  all  of  one  species,  show  us  in 
a  marked  manner  tlio  hercdilory  transmission  of  small  ditlbr- 
cnoes — each  sort,  when  kept  purp,  reproducing  itself  not 
only  in  size,  fonn,  colour,  and  qunljly  of  hair,  but  also  tn 
disposition  and  speciality  of  intelligence.  Ilabbits,  too.  have 
their  permanent ly-estublished  races.  And  in  the  Isle  of  Man, 
WD  liavD  a  tnil-U^M  kind  of  out.  Kvvn  in  llic  absence 

of  otiier  evidence,  that  which  ethnolo^  fumittlkca  would 
suffice.  Orant  them  to  bo  derived  from  one  stock,  and  tlM 
varieliec  of  man  yield  proof  upon  proof  that  nuD-s)irnttc 
traits  of  atructuro  are  bc^ueathod  from  grnvration  lo  gfner. 
atioo.  Or  grant  only  that  thoro  is  ciSdonon  of  thi-ir  deriva- 
tion from  scrtsrij  Htoclui,  and  wc  atill  have,  between  net*  do- 
Bocndcd  from  a  ooramoa  stock,  distinctions  which  prove  the 
inlwritance  «f  minor  peculi«ritiee.     Bendoa  weing  tfast 
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negroes  continue  to  produce  negroes,  copper-coloured  men  to 
produce  men  of  a  copper  colour,  and  the  fair-skinned  races 
to  perpetuate  their  fair  skins — besides  seeing  that  the  broad* 
faced  and  flat-nosed  Calmuck  begets  children  with  broad  faces 
and  flat  noses,  while  the  Jew  bequeaths  to  his  ofispring  the 
features  which  have  so  long  characterized  Jews  ;  we  see  that 
those  small  unlikenesses  which  distinguish  more  nearly-allied 
varieties  of  men,  are  maintained  from  generation  to  generation. 
In  Germany,  the  ordinary  shape  of  skull  is  appreciably  dijSer* 
ent  from  that  common  in  Britain:  near  akin  though  the 
Germans  are  to  the  British.  The  average  Italian  face  con- 
tinues to  be  unlike  the  faces  of  northern  nations.  The  French 
character  is  now,  as  it  was  centuries  ago,  contrasted  in  sundry 
respects  with  the  characters  of  neighbouring  peoples.  Nay, 
even  between  races  so  closely  allied  as  the  Scotch  Celts,  the 
Welch  Celts,  and  the  Irish  Celts,  appreciable  differences  of 
form  and  nattire  have  become  established. 

That  sub-species  and  sub-sub-species,  thus  exemplify  that 
same  general  law  of  inheritance  which  shows  itself  in  the  per- 
petuation of  ordinal,  generic,  and  specific  peculiarities ;  i9 
strong  i^eason  for  the  belief  that  this  general  law  is  unlimited 
in  its  application.  In  addition  to  the  warrant  which  this  be- 
lief derives  from  evidence  of  this  kind,  it  has  also  the  support 
of  still  more  special  evidence.  Numerous  illustrations  of  Eb- 
redity  are  yielded  by  experiment,  and  by  direct  observation  of 
successive  generations.  They  are  divisible  into  two  classes. 
In  the  one  class  come  cases  where  congenital  peculiarities, 
not  traceable  to  any  obvious  causes,  are  bequeathed  to  de- 
scendants. In  the  other  class  come  cases  where  the  peculiar- 
ities thus  bequeathed  are  not  congenital,  but  have  resulted 
from  changes  of  functions  during  the  lives  of  the  individuals 
bequeathing  them.  We  will  consider  first  the  cases  that 
come  in  the  first  class. 

§  81.  Note  at  the  outset  the  oiiaracter  of  the  chief  testi« 
mony.     Excluding  those  inductions  that  have  been  so  fully 
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verified  bs  to  rank  witt  oxact  science,  there  aro  no  inductions 
«a  truKtvortby  as  those  which  have  undergone  the  mcrcantila 
teat.  When  we  Lavo  thousands  of  men  whoso  profit  or  loaa 
dqKuds  on  the  truth  of  the  inferences  they  draw  from  aimplfl 
and  perpetually-relocated  observations  ;  and  when  wo  find 
that  the  inference  arrived  at,  and  banded  down  from  genera- 
tion to  generation  of  these  deeply-interested  obserrerB,  bus 
become  an  unshakable  convicliun  ;  we  may  oocept  it  without 
hesitation.  In  breeders  of  animals  wo  haTo  such  a  clu.3s,  led 
by  such  experiencea,  and  entertaining  such  a  eoiivJclion — tho 
conviction  that  minor  peculiarities  of  organization  aro  in- 
herited as  well  OS  major  peculiarities.  Honco  the  immenso 
prices  given  for  aucccMftd  rncors,  bulb  of  superior  forma, 
sheep  that  have  certain  desired  peculiaritios.  Hence  the 
careful  record  of  pedigreea  of  high-bred  liorsos  and  sporting 
dogs.  Hence  the  care  taken  to  avoid  intermixture  with  in- 
ferior stocks.  Citing  the  highest  authorities  respecting  the 
efTfcts  of  breeding  from  animals  having  certain  superiorities, 
with  tho  view  of  propagating  thoso  superioriUoa,  Mr  Darwin 
writes : — "  Youalt,  who  was  probably  better  acquainted  wiUi 
the  works  of  agriculturists  than  almost  any  other  individual, 
and  who  was  himself  a  very  giwtl  judge  of  on  animal,  spoaka 
of  the  principle  of  eoleotion  as  '  tlmt  wliieh  enables  tho  agri- 
culturist not  only  to  modify  the  character  of  his  flock,  but  to 
change  it  altogether.  It  is  tho  magician's  wand,  by  means  of 
which  he  may  summon  into  life  whatever  form  and  mould  hd 
pleases.' "  Lord  Somerrillo,  speaking  of  what  breeders  hava 
duno  for  sboop,  saj-s : — "  It  would  seem  that  they  hail  chalked 
npoii  a  wall  a  form  perfect  in  itself  and  then  given  it  exist- 
ence." lliat  most  skilful  brooder,  Sir  John  tk^bright,  used  lo 
■ay,  with  resptfcl  to  ptgpons,  that  "be  wouM  produce  any 
given  fi.-uthor  in  three  years,  but  it  would  tuke  him  six  years 
to  obtain  head  and  beak."  In  nil  which  statements  the 
tacit  OMM.-rtioii  us  that  iudividuul  traits  arc  bcquonthod 
from  geueratiou  to  generation  ;  aud  thiit  wheu  tliny  an 
not  b*ought  into  ooullict  with  opposite  traits,  they  may  ba 
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IK>  perpetuated  and  increased  as  to  become  permanent  dis- 
tinctions. 

Of  special  instances,  there  are  many  besides  that  of  the  oft 
en-cited  Otter-breed  of  sheep,  descended  from  a  single  short 
legged  Iamb,  and  that  of  the  six-fingered  Gratio  KeUeia,  who 
transmitted  his  peculiarity  in  different  degrees,  to  several  of 
his  children  and  to  some  of  his  grandchildren.  In  a  paper  con- 
tributed to  the  Edinburgh  New  Philosophical  Journal  for  July 
1863,  Dr  Struthers  gives  several  cases  of  hereditary  digital 
variations.  Esther  P — ,  who  had  six  fingers  on  one  hand,  be- 
queathed this  malformation,  along  some  lines  of  her  descend- 
ants, for  two,  three,  and  four  generations.  A —  S —  inherited 
an  extra  digit  on  each  hand  and  each  foot  from  his  father ; 
and  C —  G — ,  who  also  had  six  fingers  and  six  toes,  had  an  aunt 
and  a  grandmother  similarly  formed.  A  collection  of  evidence 
has  been  made  by  Mr  Sedgwick,  and  published  by  him  in  the 
Medico- Chirurgical  Remeto  for  April  and  for  July  1863,  in 
two  articles  on  ''  The  Influence  of  Sex  in  limiting  Hereditary 
Transmission."  From  these  articles  are  selected  the  following 
cases  and  authorities : — Augustin  Duforet,  a  pastry-cook  of 
Douai,  who  had  but  two  instead  of  three  phalanges  to  all  his 
fingers  and  toes,  inherited  this  malformation  from  his  grand- 
father and  father,  and  had  it  in  common  with  an  uncle  and 
numerous  cousins.  An  account  has  been  given  by  Dr  Lepine, 
of  a  man  with  only  three  fingers  on  each  hand  and  four  toes 
on  each  foot,  and  whose  grandfather  and  son  exhibited  the 
like  anomaly.  B^chet  describes  Yictoire  Barr^  as  a  woman 
who,  like  her  father  and  sister,  had  but  one  developed  finger 
on  each  hand,  and  but  two  toes  on  each  foot,  and  whose  mon« 
strosity  re-appeared  in  two  daughters.  And  there  is  a  case 
where  the  absence  of  two  distal  phalanges  on  the  hands  was 
traced  for  two  generations.  The  various  recorded  instances 
in  which  there  has  been  transmission  from  one  generation  to 
another,  of  webbed-fingers,  of  webbed-toes,  of  hare-lip,  of 
congenital  luxation  of  the  thigh,  of  absent  patellsB,  of 
dub-foot,  &c.,  would  occupy  more  space  than  can  here  be 
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spsrod.  Dcf^jlfi  in  the  organa  of  mdso  are  aim  not 

Uiifrnquently  iiiUerited.  Pour  eisicra,  their  mother,  and 
gruadinutlier,  arc  described  by  Duval  as  ainailarly  affected  by 
cataract.  ProHper  Lucas  dotaJb  an  exDiiipIc  of  henxUtary  uin- 
Burosis  atfucttiig  the  fvmulcs  of  a  fuiuily  for  thrfo  generations. 
Duval,  tiralTe,  Dufpn,  and  others  testify  to  like  cases  coRiing 
under  their  observation,*  Doafucsa,  too,  is  occasionally  Iraos- 
milled  from  parent  to  chili  There  aro  deaf-muttjs  whose 
imperfections  have  been  derived  from  ancestors;  and  mal- 
formalions  of  the  external  ears  have  also  been  perpetuated  in 
offapring.  Of  traiismitt«d  peculiuritics  of  the  skin 

and  its  appondage«,  many  illustrations  have  been  noted.  One 
is  lliut  of  a  family  remarkable  for  enormous  black  eyebrows ; 
another  that  of  a  family  in  which  every  member  had  a  lock  of 
hair  of  a  lighter  colour  than  the  rest  on  the  top  of  the  head ; 
and  there  are  also  instances  of  congenital  baldness  being 
hereditary.  Entiro  abaenoo  of  teeth,  absence  of  particul 
teeth,  and  anomalous  arrangemeata  of  teeth,  are  recorded 
tniita  that  have  descended  to  children.  And  we  hnve  cvidi 
that  aoiindnesa  and  unsoundneu  of  teeth  are  t  ransmiseil'le. 

The  inheritance  of  such  diaeaae«  as  gout,  consumption,  naA 
insanity,  ia  universally  admitted.  Among  the  lees-common 
diseases  of  which  the  descent  from  on«  generation  to  another 
has  been  obavrved,  an«,  ichthyoeta,  leprosy,  pityriasis,  aebaoe- 
oua  tumours,  plica  polonies,  dipaomnniu,  somnambulism,  cato- 
lepey,  epilepsy,  asthma,  apoplexy,  elophantioais.  General 
nervousness  displayed  by  parents,  almost  always  re-appeari 
in  their  childn-n.  Even  a  bias  towards  auicide  appears  to 
be  sometimes  hereditary. 

{  92.  To  prove  tha  tranamieBJon  of  those  structural  poon- 
Itaritioi  that  hare  resulted  from  functional  peculiaritioa,  u, 

■  WbOa  Ibii  chapter  !■  pawins  lhrud|th  ihs  prt*.  t  Itam  ^m  Vr  Tblla 
CMper,  thkl  not  oalj^  tn  nrar  (ighl,  lung  >%hi,  doll  iJcbt,  tnd  ■(Hinting,  h<rt> 
diUfJi  W  tliU  I  pamliuitf  of  tiiion  canfiDnl  to  do*  aji,  ii  frtquatljr  O 
IS  MOM  aj*  in  ulTipring. 
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for  several  reasons,  comporatiTely  diiEoult.  Changes  ] 
duccd  in  the  sizes  of  parts  by  cliangos  in  their  amounts^ 
autioa,  are  moatl;  unobtrusive.  A  muscle  that  has  ii 
in  bulk,  is  so  obscured  by  natural  or  artificial  dotHng,  that  un- 
less the  allenition  is  extreme  it  passes  without  remark.  Such 
nervous  developments  aa  are  possible  in  the  course  of  a  ainglo 
life,  cannot  bo  seen  externally.  Visceral  modifications  of  a 
normal  kind,  are  observable  but  obscurely,  or  not  at  all.  And 
if  the  changes  of  structure  worked  in  individuals  by  changes 
in  their  habits,  are  thus  difficult  to  trace ;  still  more  diiEcult 
ta  truce  must  be  the  transmission  of  them — further  liidden, 
as  this  is,  by  the  influence  of  other  individnals  that  are  often 
othorwiao  modified  by  other  habifs.  Moreover,  snch  spocial- 
ilies  of  structure  us  are  due  to  specialities  of  function,  are 
usually  entangled  with  specialities  of  structure  that  are,  or 
may  be,  due  to  selection,  natural  or  artificial.  In  the  majority 
of  cases,  it  is  impossible  to  say  tliat  a  structural  peculiarity 
which  seems  to  have  arisen  in  offspring  from  a  functional 
peculiarity  in  the  pai'ent,  is  wholly  independent  of  some 
congenital  peculiarity  of  structure  in  the  parent,  which  in- 
duced this  functional  peculiarity.  We  are  restricted  to 
cases  with  which  natural  or  artificial  selection  can  have  had 
nothing  to  do ;  and  such  cases  arc  difficult  to  find.  Some, 
however,  may  here  bo  noted. 

A  species  of  plant  that  has  been  tranaferrod  from  one  soil 
or  climate  to  another,  frequently  undergoes  what  botanists 
call  "  a  change  of  habit " — a  change  which,  without  affecting 
its  specific  ohoractcrs,  is  yet  conspicuou.'i.  In  its  new  locality, 
the  species  is  distinguished  bH||iM^t^^^za  much  larger, 
or  much  smaller,  or  diffiaj^^^^^^^^^^^B|<fleshy  ; 
instead  of  being,  as  befofl^J^^^^^^^^^^^^^I^  becomes 
hairy;  or  its  stem  b 
or  its  branchoa,  no-^ 
ing  character, 
termined  by  f 
litany  individuaU  tM 
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they  cannot  bo  classed  as  "  spontaneous  Tariations."  They 
are  modificationa  of  structure,  consequent  on  moditications  of 
function,  that  hare  been  produced  by  modiiicationB  id  the 
Dctions  of  extvrual  forces.  Aiid  us  these  modifications  re-ap- 
pear in  succeeding  generations,  wa  bare,  in  them,  csamplc« 
of  functionally-eetablished  variations  that  arc  hereditarily 
iraiiMmitted.  Further  evidcDco  is  supplied  by  what 

fir«  callixl  "  sports  "  in  plants.  These  are  of  two  kinds — tho 
gamogenetic  and  the  agamogonctic.  The  gamogonetic  may 
be  ascribed  wholly  to  "  spontaneous  variations ;"  or  if  they  are 
partly  duo  to  tbo  inheritance  of  structural  changes  that  are 
produced  by  fimctional  changes,  this  cannot  be  proved.  But 
whore  the  individuals  displaying  the  variations  arise  by 
agamogenesis,  tbo  reverse  is  the  case :  spontaneous  variation 
is  out  of  the  question ;  and  the  only  possible  intcrprctution  is 
deviation  of  structure  caused  by  deviation  of  function.  A 
new  axis  which  buds  out  from  a  parent-axis,  assumes  an  nn- 
like  character — gives  ofif  lobed  leaves  in  place  of  single  leaves, 
or  has  on  otherwise  difibront  mode  of  growth.  This  change 
of  structure  implies  change  in  tbo  developmental  actJona 
which  produced  the  new  bud — change,  that  is,  in  the  actions 
going  on  in  the  parent  shoot  —  functional  change.  And 
since  Uio  moditiod  structure  thus  impreaaed  on  the  now  shoot 
by  moditied  function,  is  transmitted  by  it  to  all  the  ahoot« 
it  bears  -,  we  are  obliged  to  regard  the  case  as  one  of  acquired 
tnndilication  that  has  become  hereditary. 

RM~dtince  of  analogous  chang(»  in  animalx,  is  difficult  to 
disenlunglo.  Only  among  domeetiuatcd  animals,  have  wo  any 
Oltportuiiity  of  tracing  the  cfTootA  of  altered  habits  ;  and  hero, 
in  nearly  all  cases,  artificial  selection  has  obscured  the  resulta. 
Still,  there  are  sumu  facia  which  soem  to  Uie  point.  Mr 
Darwin,  while  ascribing  almost  wholly  to  "  natural  selection" 
the  production  of  thoau  mudilicalions  which  eventuate  in 
dilfereiuiuii  of  cgx-cii^  ncvorthelcM  uilmiu  the  effects  of  use  and 
disuse,  lie  nays — "  I  find  in  the  ^omcalio  duck  that  the  bone* 
of  the  wing  weigh  loss  and  the  bones  of  the  leg  more,  in  pt«> 


k 


I 


portion  to  the  whole  skeleton,  than  do  the  samo  bones  in  the 
wild  duck;  and  I  presume  that  this  change  may  be  salely 
attributed  to  the  domestic  duck  flying  much  Icsb,  nnd  wolking 
more,  ihiin  its  wild  parent.  The  great  and  inherited  develop- 
ment of  the  udders  in  cows  and  goats  in  counlriea  where  they 
are  hubituully  milked,  in  comparison  with  the  state  of  these 
organs  in  other  countries,  is  another  instance  of  tho  effect  of 
use.  Not  a  single  domestic  animal  can  be  named  which  hua 
not  in  some  country  drooping  ears ;  and  the  view  auggoaled  by 
Bumc  authors,  that  the  drooping  is  due  to  the  disuse  of  the 
muscles  of  the  ear,  from  the  animals  not  being  much  alarmed 
by  danger,  seems  probable."  Again — "  The  eyes  of  moles  and 
of  some  burrowing  rodents  are  rudimenfllry  in  size,  and  in 
some  cases  are  quite  covered  up  by  skin  and  fur.  This  stat« 
of  tho  eyes  is  probably  due  to  gradual  reduction  from  disuse, 
but  aided  perhaps  by  natural  selection."  •  "  •  "  It  is  well 
known  that  several  animals,  belonging  to  the  most  diSer- 
ent  classes,  wliich  inhabit  the  caves  of  Styria  and  of  Kentucky, 
are  blind.  In  some  of  the  crabs  tho  footstalk  of  tho  eye  re- 
mains, though  the  eye  is  gone ;  the  stand  for  the  telescope  ifu 
there,  though  the  telescope  witli  its  glasses  has  been  lost, 
it  is  difficult  to  imagine  that  eyes,  though  useless,  could  be  Sj 
any  way  injurious  to  animals  living  in  darkness,  I  attrihul 
their  loss  wholly  to  disuse."  The  direct  ijiheritanco  c 
quired  peculiarity  is  sometimes  ohscrvabic,  Mr  Lewes  givi 
a  case.  He  "  bad  a  puppy  taken  from  its  mother  at  six  w 
old,  who,  although  never  taught, '  to  beg'  (an  acoomplishm 
hia  mother  had  been  taught),  spontaneously  took  to  beggi 
for  everything  he  wanted  when  about  seven  or  eight  montbr 
old  ;  he  would  heg  for  food,  beg  to  he  let  out  of  tho  room, 
and  one  day  was  found  opposite  a  rabbit  hutch  begging  for 
rabbits."  Instances  are  on  record,  too,  of  sporting  dogs  whio 
spoil tuiicously  adopt«d  in  the  field,  certain  modes  of  behaviori 
which  their  parents  had  Wmt. 

But  the  best  examples  of  inherited  modifications  prorlnol 
by  modifiealions  of  function,  occur  in  the  human  race.   To  j 
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other  cause  can  be  ascribed  the  rapid  tD(.'tuiuorplio« 
gone  by  tlio  Britiuh  races  when  placed  In  new  oiiilitions. 
i»  notorious  that,  in  tliu  United  Ktntcs,  the  desceudant^  of  tl 
iminignuiL  TriG)i  lusu  llieir  Celtie  uspcct,  and  bccoino  Ain< 
OAu'ized,     'I'h'u  cuunot  bo  asoribod  to  iut«rmarriagu   wil| 
Auiericana;  siacu  the  feoUug  with  which  Irish  arc  regard 
od  by  Auiericons,  proventa  any  considerable  amount  of  ii 
nurriajifo.     Equally  marked  is  the  case  of  the  immigra 
Ornnans,  who,   though    they    keep    themsolvea   very  i 
Upurt,  rapidly  aiutumo   tho   proTailing  tj'pe.      To  say  t 
"  AIMnitaueouR  vanution  "  increased  by  natural  selection,  o 
have  produerd  this  vflect,  is  going  too  far.     Kacca  si 
oun,  ciiniiot  luivo  b6en  auppluuted  in  tlie  course  of  two  < 
three  gununitiiins  by  varietiea  springing  froin  them.     ITctu 
there  is  no  twsapo  from  tho  concluiiion,  that  physical  and  sa> 
cial  cunditiona  have  here  wrought  niodificatiuus  of  function 
and  atnieturo,  which  ofiiipring  have  inherited  and  increased. 
i>iniilarly  with  special  cases.     In  tho  Cychpirdia  of  Practical 
Mniirinf,  Vol.  IL  p.  419,  Dr  Brown  states  that  ho  "  hm  in 
many  iustanoca  observed   in  tho  caso  of  individuals  whoae 
ouinpluxion  and  giutoral  appcarutict)  has  bfeii  modifiud  by  nh 
aidonco  in  hot  climates,  that  children  born  to  them  subs^ 
qiicntly  to  such  residence,  havo  n«embled  them  rather  in 
their  oc^iuirod  thua  primaiy  mien." 

Suiufl  sptxual  modifications  of  6rgnns  oaosud  by  H)>iy:ial 
ohotigos  iu  tliuir  functions,  may  alio  bo  iiotod.  I'hut  large 
hauls  ttro  inherited  by  men  and  women  wboM  ancestors 
led  loboriona  Uvea  ;  Mid  that  mon  and  women  whoM  descent, 
for  many  gonemtions,  baa  been  from  those  unused  to  manual 
labour,  commonly  have  small  hands  ;  aro  established  opiniona. 
It  Booroa  very  unlikely  that  in  the  absence  of  any  such  con- 
Doxioo,  tho  atu)  of  the  baud  ahould  thus  have  com*  to  bo 
generally  regonlod  us  some  index  of  «xlTacti'>n,  Tliat  thero 
exisU  a  like  relation  between  hubttuol  use  of  the  feet  and  larg». 
ntm  of  tho  foot,  we  have  strong  ovidenc«  in  the  customs  of  tha 
Uhinoio.     Tho  torturing  pntottoo  of  artificially  arresting  tl 
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^rovth  of  the  feet,  ooald  never  have  become  estaUisbodamoug 
the  ladies  of  ChtQa,  had  tbey  not  found  abundant  proof 
that  a  small  foot  was  aignifiuant  of  superior  rank — llmt  U 
of  a  luxunous  life — that  la  of  a  life  wilbout  bodily 
labour.  There  ie  some  evidence,  too,  that  modiiica* 

lionB  of  the  ejos,  caused  by  particular  uses  of  tha  eyes,  are 
ioberited.  Short  sight  api^ars  to  bo  uucommoa  in  rural 
popuIutioDB ;  but  it  is  frequent  among  classos  of  people  who 
use  their  eyes  much  for  reading  and  writing ;  and  in  the 
classes,  abort  sight  ia  often  congenitaL  Still  more  marked 
this  relation  in  Oermany.  There,  the  educated  claaaes  are  no- 
toriously studious ;  and  judging  from  the  numbers  of  young 
Clcrmans  who  wear  spectacles,  there  is  reosoit  to  thiulc  that 
congenital  myopia  is  very  frequent  among  them. 

Some  of  the  beat  illustrations  of  functional  heredity,  are 
furnished  by  the  mental  characteristica  of  human  races.  Cer- 
tain powers  which  mankind  have  gained  in  the  course  of  civil- 
ization, cannot,  I  think,  bo  accounted  for,  without  admitting 
the  inheritance  of  acquired  modihcations.  The  musical  faculty 
Is  one  of  these.  To  say  that "  natural  selection"  baa  developed 
it,  by  presoriHng  the  most  musically  endowed,  seems  an  in- 
adequate explanation.  Even  now  that  tho  development  and 
prevalence  of  the  faculty  have  made  music  an  occupatiou  by 
which  the  moat  musical  can  get  sustenance  and  bring  up 
families ;  it  is  very  questionable  whether,  taking  the  musical 
life  as  a  whole,  it  has  any  advantage  over  others  in  the 
struggle  for  existence  and  multiplication.  Still  more  if 
look  back  to  those  early  stages  through  which  tho  faculty  m 
have  passed,  before  definite  perception  of  melody  was  arri- 
at,  wo  foil  to  see  bow  those  possessiug  the  rudimeiitol  faculty 
in  a  somewhat  greater  degree  than  the  rest,  would  thereby  bo 
enabled  the  better  to  maintain  themselves  and  their  childreo. 
If  so,  there  is  no  explanation  but  that  the  habitual  association 
of  certain  cadences  of  human  speech  with  certain  emotions, 
lias  slowly  established  in  the  race  an  organized  and  inherited 
between  such  cadences  and  such  emotions ;  Uiat 
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combination  of  such  cadences,  more  or  lesa  idealised,  wti 
constitutes  melody,  has  all  along  had  a  meaning  In  the  «v*i 
mind,  only  bccauBo  of  the  meaning  which  cadences  hud  aoquill 
in  the  average  mind  ;  and  that  by  the  continual  hearing  ■ 
practice  of  rot-lody,  there  haa  been  guined  and  trnnamilted  1 
increasing  musical  scnsibiUtr.  Coufinnation  of  t^ 

view  may  bo  drawn  from  individual  cases.  Grant  that  am 
a  people  endowed  with  musical  faculty  to  a  certain  do| 
apontaneouB  variatloa  will  occasionally  produce  men  posBe«!a 
it  in  a  higher  degree  ;  it  cannot  be  granted  that  epontanoc 
variationaccooDtafor  the&«qucnt  productioD,  by  such  hiith] 
endowed  men,  of  men  still  more  highly  endowed.  Oa  t 
average,  the  offspring  of  marriage  with  others  not  s 
endowed,  will  bo  loss  distinguished  rather  than  more  dial 
pushed.  The  most  that  can  be  expected  is,  that  this  uuui 
amount  of  faculty  shall  re-appear  in  the  next  gf  ucration  u 
miuisbcd.  How  then  shall  we  explain  eases  like  those  of  Bw 
Mozart,  and  Beethoven,  who  were  all  sons  of  men  h 
usual  musical  powers,  but  who  greatly  excelled  their  iaf.h* 
iu  their  musical  powers  P  Wliat  shall  wo  say  t<i  the  fuel 
that  Uaydn  was  the  son  of  the  organist,  that  Jluuiuifl  i 
bom  to  a  music  master,  and  that  Weber's  futlier 
ttnguinlicd  violinist  f  The  occurrence  of  so  many  cases  I 
one  nation,  within  a  short  period  of  time,  cuiinut  rationi 
bo  ascribed  to  the  coinctdonce  of  "  spoutanoous  variations." 
can  bo  ascribed  to  nothing  but  inherited  dovt'Iopmcnts  i 
atructure,  caused  by  augmentations  of  function. 

But  the  clearest  proof  that  atruotural  alterations  caused  by 
olterationa  of  function,  are  inhurit4>d,  occurs  whc^n  the  ulUir- 
Dtions  are  morbid.  "  Certain  laodev  of  living  engender  gout ; " 
ami  gout  is  tranBmissiblo.  It  is  well  known  that  in  jwreons  pre- 
Tioualy  hcalthy.oonsiunption  may  be  produced  by  unfavourable 
eonditiuns  of  life^by  bod  and  insufficient  food  ;  by  foul,  dump, 
unvontitatodhabilatioas;  and  even  by  long-contiuuHl  anxiety. 
It  is  still  moro  nolonoui  that  the  coni*umptivo  diathe«ia  u 
oaanyed  from  parmt  to  child.     Unless,  then,  a  disttaot 


[  be  assumed  between  conBtitutional  consumption  and  coa< 
L  mniptiou  ioduoed  by  unwholesome  conditions — tmlras  it  bs^ 
b  fionsumption  of  unknown  origin  is  tranamiaa- 
itionolly-prodiiced    conaumption    ia   not  ;    it 
ttedtbat  thoae  changes  of  structure  from  which 
the  consumptive  diathesis  results,  may  be  caused  in  parents  J 
by  changes  of  function,  and  may  bo  inherited  by  their  chilwr 
\  dren.  Most  striking  of  all,  however,  is  the  fact  latolf  1 

I  brought  to  light,  that  functional  disorders  artificially  estab- 
I  lished,  may  be  conveyed  to  offspring.     Some  few  years  since 
I  51.  Brown-Sequard,  in  the  course  of  inquiries  into  the  nature 
and  causes  of  epilejay,  hit  on  a  method   by  which  epilepsy 
could    be   originated.      Guinea-pigs  were  t)ie  creatiires   on 
vhich,  chieSy,  he  experimented;  and  eventually,  he  disco- 
Tered  the  remarkable  fact,  that  the  young  of  those  epileptic 
guinea-pigs    were    epileptic :     the    functionally- established 
epilepsy  in  tlie  parents,  became  constitutional  epilepsy  in  thtj 
otFspring.     Here  we  have  an  instance  which,  standing  even 
uluiie,  decides  the  question.  We  have  a  special  form  of  nervous 
action,  not  caused  by  any  natural  variation  of  structure  that 
had  arisen  spontaneously   in  the  organism,  but  one  caused 
by  a  certain  incidence  of  external  forces.     We  have  Ihiu 
special  form  of  nervous  action  becoming  confirmed  by  re- 
petition :  the  fits  are  more  and  more  easily  induced — there  ia 
established  the  epileptic  habii.    That  is  to  say,  the  connected 
nervous  actions  constituting  a  fit,  produce  in  the  nervous 
,    system  such  changes  of  structure,  that  subsequent  connected 
nervous  actions  of  like  kind,  follow  one  another  with  increased 
readiness.     And  that  this  epileptic  babit  is  inherited,  provea 
inclusively  that  these  structural  modifications  worked  by 
I  functional  raodificationa.  are  impressed  on  tho  whole  organism 
in  such  way  as  to  affect  the  reproductive  centres,  and  cause 
f  them  lo  unfold  into  organisms  that  exhibit  like  modifications. 
Evidence  nearly  allied  lo  this,  and  scarcely  less  significant^ 
ia  fumisheil  by  that  transmission  of  general  nervousness,  no- 
ticed in  tho  last  section.     Nervousness  is  especially  cc 
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imoDg  chases  of  people  who  tax  thoir  brains  much.  Among 
these  olassee,  wa  dtiily  eoe  this  constitutional  modification 
yroduced  b;  excess  of  fiutotion,  in  men  whose  progeuitora 
were  not  nervous;  and  the  children  of  such  men  hahituslly 
inherit  more  or  less  of  tho  modification. 


rities  ta 
renoq^^^H 


%  83.  Two  modified  manifestations  of  Heredity  remain  to  ba 
noticed.  Tho  one  is  tho  ro-appoaranco  in  o&pring,  of  traJti 
not  home  by  tho  parents,  but  borne  by  the  grandparents  or  by 
remoter  ancestors.  Tlie  other  is  the  limitation  of  Heredity  by 
SOX — the  rcatrictioD  of  certain  transmiltod  peculiarities  ta 
odkpring  of  tho  same  sex  as  the  parent  possessing 
poculiuritics. 

Atavism,  which  is  tho  name  given  to  the  recurrei 
ancestral  traits,  is  proved  by  many  and  varied  facts, 
picture- galleries  of  old  famiUc«,  and  on  the  mom 
brasses  in  tho  adjacent  churches,  are  often  seen  typM 
feature  that  are  still,  from  time  to  time,  repeated  in  members  of 
these  families.  It  is  matter  of  common  remark  that  some  oon- 
etitutional  disoasrs,  such  oa  gout  and  insanity,  afU?r  missing  a 
gtMJoration,  will  shnw  themselves  in  tho  nexL  Dr  Struthers, 
in  his  above-quoted  paper  on  "  Variation  in  the  Number  of 
Fingcnt  and  Toes,  and  of  the  Phalanges,  in  Man,"  gives  cases 
of  malformationa  that  were  common  to  grandparent  and 
gmnilchilil,  but  of  which  the  parent  hsd  no  traco.  M.  Girou 
(oh  iiuoti'd  by  Mr  Sedgwick)  says — "  One  is  oft4.'n  surprised 
to  800  lambs  blaok,  or  spotted  with  black,  bom  of  owes  and 
runis  with  while  wool,  but  if  one  lakes  the  truublo  to  go 
buck  to  tho  origin  of  this  phenomenon,  it  is  found  in  the  ou- 
04--slors."  Instances  still  more  remarkable,  iu  whiuh  Uiu  ro- 
moteneas  of  the  ancMtors  copit.-d  is  very  great,  aro  given  by 
Mf  Darwin.  He  points  out  tliat  in  crossos  betweon  variuties 
0  pigcion,  there  will  iti>mctimos  ro-nppcar  the  plumage  of 

h  original  rock-pigoon,  from  which  Lhcsu  vuriutics  d<»ccnd> 
lo  iustanees  the  faint  zebra-like  marl 
ally  traceable  in  Lorscs,  h  having  probablr  a  I 
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The  limitation  of  Heredity  by  Bex,  cannot  yet  be  regarded 
as  established.  While  in  many  cases  it  seems  clearly  mani- 
fested ;  it  is  in  other  cases  manifested  to  a  very  small  degree, 
if  at  all.  In  Mr  Sedgwick's  essays,  already  named,  will  be 
found  evidence  implying  that  there  exists  some  such  tendency 
to  limitation,  which  does  or  does  not  show  itself  distinctly, 
according  to  the  nature  of  the  organic  modification  to  be 
conveyed.  But  more  facts  must  be  collected  before  any 
positive  conclusion  can  be  reached. 

§  84.  A  positive  explanation  of  Heredity  is  not  to  be  expected 
inthepresent  state  of  Biology.  Wecan  look  for  nothing  beyond 
a  simplification  of  the  problem ;  and  a  reduction  of  it  to  the 
same  category  with  certain  other  problems  which  also  admit 
of  hjrpothetical  solution  only.  If  an  hypothesis  which  certain 
other  wide-spread  phenomena  have  already  thrust  upon  us, 
can  be  shown  to  render  the  phenomena  of  Heredity  more  in- 
telligible than  they  at  present  seem,  we  shall  have  reason  to 
entertain  it.  The  applicability  of  any  method  of  interpreta- 
tion to  two  dififerent  but  allied  classes  of  tacts,  is  evidence  of 
its  truth. 

The  power  which  organisms  display  of  reproducing  lost 
parts,  we  saw  to  be  inexplicable  except  on  the  assumption 
that  the  units  of  which  any  organism  is  built  have  an  innate 
tendency  to  arrange  themselves  into  the  shape  of  that  organ- 
ism (§  65).  We  inferred  that  these  units  must  be  the  pos- 
sessors of  special  polarities,  resulting  from  their  special  struc- 
tures ;  and  that  by  the  mutual  play  of  their  polarities  they  are 
compelled  to  take  the  form  of  the  species  to  which  they  belong. 
And  the  instance  of  the  Begonia  phyllamaniaca  left  us  no 
escape  from  the  admission  that  the  ability  thus  to  arrange 
themselves,  is  latent  in  the  units  contained  in  every  undiffer- 
entiated cell.  Quite  in  harmony  with  this  conclusion, 
are  certain  implications  since  noticed,  respecting  the  characters 
of  sperm-cells  and  germ-cells.  We  saw  sundry  reasons  for 
rejecting  the  supposition  that  these  are  highly-specialized  cells 
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and  for  accepting  the  opposite  supposition,  that  the;  are  a 
differiDg  from  others  rather  in  hetog  uiispecializod.  Aiid  h 
the  aasuinption  to  which  we  seem  driven  by  the  entemhta  c 
the  evidence,  ia,  tliut  apcrm-oclU  and  germ-ceLlA  are  oasentially 
nothing  more  than  vehicles,  in  which  are  contained  small 
groups  of  the  physiological  units  in  a  fit  state  for  obi-ying  thoir 
proclivity  towards  the  structural  arrangctncnt  of  the  specioS 
they  belong  to. 

Thus  the  phenomena  of  Heredity  are  seen  to  assimilatfl 
with  other  pheuomena  ;  and  the  assumption  which  thnt 
other  phenomena  thrust  on  us,  appears  to  be  equallv 
thrust  on  us  by  the  phenomena  of  Heredity.  Wo  must  oon* 
dude  that  the  likeness  of  any  orguuisin  to  either  parent,  n 
conveyed  by  the  special  tendencies  of  the  physiological  onitx 
derived  from  that  parent.  In  the  fertilized  germ  wo  have 
two  groups  of  phyKielngtcol  units,  sliglitly  (liHerent  in  their 
Btmotures.  Tb«se  sligbtly-dilferent  units,  scyerally  multiply 
Bttbeeziienseof  the  nutriment  supplied  to  the  unfolding gvnn 
— «acb  kind  moulding  this  nutriment  into  units  of  its  own 
typo.  Tliroughout  the  process  of  evolution,  the  two  kinds  of 
unila,  mainly  agreeing  in  their  pol&ntios  ond  in  tho  form 
which  tbey  ti<nd  to  build  thenuelvcs  into,  but  having  miaor 
differences,  work  in  unison  to  produce  an  organism  of  tho 
species  from  which  they  were  derived,  but  work  in  antag»  iism 
to  produce  copies  of  their  nwpoclive  panmt-drjninisinM.  And 
hence  ultimat^'ly  results,  an  orgunism  in  wliich  trait«  o'  the 
one  aro  mixed  with  traits  of  tho  other, 

If  the  likeness  of  oflnpring  to  pan-nts  is  thus  dntermir.n],  it 
beoomos  manifMt,  d  priori,  that  biiiides  tho  trtuismissiou  of 
gmmic  and  spt^ciGo  poculiuritit^,  thero  will  bo  a  tnuismia* 
MOD  of  those  individual  peculiarities  which,  arisinff  without 
■aaignablo  causes,  are  classed  a«  "  qxinlincous."  For  if  Oio 
■asumption  of  a  special  arrangement  oi'  parts  by  an  org.kuism, 
is  due  to  tho  proclivity  of  its  pliysiological  units  towards 
that  arrongomcnt;  then  the  assuuiptlou  of  an  urrungcmunt 
of  parta  aligbtly  difiereut  from  that  of  the  spccioe,  tinplioa 


I 
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phyHiologicol  umts  aligbtly  unlike  those  of  the  species ; 
these  slightly-ualike  physiological  units,  commuoicaM 
through  the  medium  of  sperm-cell  or  germ-cell,  will  teoJ,  i 
the  ofi'apring,  to  build  themselves  into  a  Btructure  suuilarhH 
diverging  from  the  average  of  the  species- 
It  is  not  equally  manifest,  a  priori,  however,  that  on  this  h 
pothesis,  alterations  of  structure  caused  by  alterations  of  fun 
tion,  must  be  transmitted  to  offspring.  It  is  not  obvious  th 
change  in  the  form  of  a  part,  caused  by  changed  action,  in- 
ToU'ea  such  change  in  the  physiological  units  throughout  the 
organism,  that  these,  when  groups  of  them  are  thrown  off  in 
the  shape  of  reproductive  centres,  will  unfold  into  organisms 
that  have  this  part  similarly  changed  in  form.  Indeed,  when 
treating  of  Adaptation  (§  69),  we  saw  that  an  organ  modifiet 
by  increase  or  decreaae  of  function,  can  but  slowly  so  re-a< 
on  the  system  at  large,  as  to  bring  about  those  correlatin 
changes  required  to  produce  a  new  equilibi'iuni ;  and  yet  o 
when  such  now  equilibrium  has  been  established,  can  we  ex- 
pect it  to  be  ful/i/  expressed  in  the  modified  physiological  uoila 
of  which  the  organism  is  built — only  then  can  we  count 
on  a  complete  transfer  of  the  modification  to  descendmita. 
Nevertheless,  that  changes  of  structure  caused  by  changes 
of  action,  must  also  be  transmitted,  however  obscurely,  from 
one  generation  to  another,  appears  to  bo  a  deduction  from 
lirat  principles — or  if  not  a  specific  deduction,  still,  a  gonoral 
implication.  For  if  on  organism  A,  has,  by  any  pcculin 
habit  or  condition  of  life,  been  modified  into  the  form  A',  iJ 
follows  inevitably,  that  all  the  functions  of  A',  reproductiwj 
function  included,  must  be  in  some  degree  different  from  t 
functions  of  A.  An  organism  being  a  combination  i 
rhythmically -acting  parts  in  moving  equilibrium,  it  is  i 
possible  to  alter  the  action  and  structure  of  any  one  part,  ~ 
without  caui^ing  alterations  of  action  and  structure  in  all  the 
rest;  just  as  no  member  of  the  Solar  System  could  bo  modi- 
in  motion  or  mass,  without  producing  re -arrangements 
throughout  the  whole  Bolar  S}~stem.   And  if  the  organism  A 
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when  changed  to  A',  miut  be  changed  in  all  ite  functions '. 
then  the  o3spriog  of  A'  cannot  be  tho  same  aa  they  would 
have  been  had  it  retained  the  form  A.  It  involves  a  dcniul 
of  the  pcraiatence  of  force  to  say  that  A  may  be  changed 
into  A',  and  muy  yet  beget  oSspring  exactly  like  thoso  it 
*  would  have  begotten  had  it  not  been  so  changed.  That  the 
change  in  the  oQspring  must,  other  things  equal,  be  in  the 
same  direction  as  the  change  in  the  parent,  we  may  dimly  see 
is  implied  by  the  fact,  that  the  change  pn)]iugat(d  throughout 
the  parental  system  is  a  change  towards  a  new  state  of 
equilibrium — a  chaogo  tending  to  bring  thu  actions  of  all 
organs,  reproductive  included,  into  harmony  with  these  now 
actions.  Or,  bringing  the  question  to  its  ultimate  and 
simpltwt  form,  wo  may  say  that  as,  on  the  one  bund,  phy- 
siological units  will,  because  of  their  special  polarities,  build 
themselves  into  an  organism  of  a  special  structure ;  en.  on 
the  other  hand,  if  the  structure  of  this  organism  is  miNlitied 
by  modified  funcUon,  it  will  impress  some  corresponding 
modiGcatioa  on  the  structures  and  pokritics  of  its  units.  Tlie 
nnit«  and  the  aggregate  must  act  and  re-act  on  curb  other. 
The  forces  exercised  by  each  unit  on  the  aggregate  and  by 
the  aggregate  on  each  unit,  muat  ever  tend  towards  a  balance. 
If  nothing  prevents,  the  units  will  mould  the  aggn-gato  into 
a  form  in  equilibrium  with  their  pre-existing  polarities.  If. 
contrariwine,  the  aggregate  is  made  by  incident  actions  to 
take  a  nuw  form,  its  forues  must  tend  to  re-mould  the  units 
into  harmony  with  this  new  form.  And  to  say  tiuit  thfl 
physiological  units  are  in  any  dcgrtv  so  ro-mouldi'd  as  lo  bring 
their  polar  force*  towards  equilibrium  with  the  forces  of  the 
modiiivd  aggregate,  is  to  say  that  when  B<.^trat4'd  in  the 
shape  of  :-cproduotive  centres,  Utcao  units  will  tend  to  build 
tliemstJves  tip  into  od  aggregate  modiSod  in  the  same  di> 
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§  85.  Equally  conspicuous  with  the  tmth  that  eyery  organ* 
ism  bears  a  general  l^eness  to  its  parents,  is  the  tnrth  that 
no  organism  is  exactly  like  either  parent.  Though  similar 
to  both  in  generic  and  specific  traits,  and  nsnally,  too,  in  those 
traits  which  distinguish  the  variety,  it  diverges  in  numer- 
ous traits  of  minor  importance.  'So  two  plants  are  indistin- 
guishable; and  no  two  animals  are  without  differences. 
Variation  is  co-extensive  with  Heredityl 

The  degrees  of  variation  have  a  wide  range.  There  are 
deviations  so  small  as  to  be  not  easily  detected ;  and  there 
are  deviations  great  enough  to  be  called  monstrosities.  In 
plants,  we  may  pass  from  cases  of  slight  alteration  in  the 
shape  or  texture  of  a  leaf,  to  cases  where,  instead  of  a  flower 
with  its  calyx  above  the  seed-vessel,  there  is  produced  a  flower 
with  its  calyx  below  the  seed-vessel ;  and  while  in  one 
animal,  there  arises  a  scarcely  noticeable  unlikeness  in  the 
length  or  colour  of  the  hair,  in  another,  an  organ  is  absent, 
or  a  supernumerary  organ  appears.  Though  small  variations 
are  by  far  the  most  general,  yet  variations  of  considerable 
magnitude  are  not  uncommon ;  and  even  those  variations 
constituted  by  additions  or  suppressions  of  parts,  are  not  so 
rare  as  to  be  excluded  from  the  list  of  causes  by  which 
organic  forms  are  changed.  Cattle  without  horns  are  fre« 
quont.     Of  sheep  there  are  homed  breeds  and  breeds  that 
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have  lost  thetr  horiia.  At  one  tunc,  there  existed  in  Soot- 
land  a  race  of  pigs  nrith  solid  foet  iostoad  of  cleft  feet.  In 
piteous,  according  to  Mr  Darwin,  "  the  number  of  the  cau- 
dal and  sacral  vertobriB  vary ;  as  does  the  number  of  the 
ribs,  together  with  their  relative  breadth  and  the  prosencs  of 
processes." 

That  variatioos  both  small  and  large  which  arise  without 
any  BpeciticbOBsigDabto  cause,  tend  to  become  hereditary,  was 
showD  in  the  lost  chaptor.  Indeed  the  evidence  which  proves 
Heredity  in  its  smaller  manifestations,  ia  the  same  evidence 
which  proves  Viiriution  ;  since  it  is  only  when  there  occur  vari- 
ations, that  the  inheritance  of  anything  beyond  the  structural 
peculiaritieB  of  the  species,  can  be  proved.  It  remains  here, 
however,  to  be  observed,  that  the  transmission  of  variations 
is  itself  variable ;  and  that  it  varit^a  both  in  the  direction  of 
decrease  and  lu  the  direction  of  increase.  An  individual  trait 
of  one  parent,  may  be  so  tMunleracted  by  the  iD6uence  of  the 
otlier  parent,  that  it  may  not  appear  in  the  offspring ;  or  not 
being  so  counteracUtJ,  the  oUsprlug  may  possess  it,  {terh&ps 
in  an  eijuul  degree  or  perhaps  in  u  less  degree  ;  or  the  off* 
spring  may  exhibit  the  trait  iu  even  a  still  higher  degree. 
Of  the  illustrations  of  this,  one  must  suHice.  I  quote  it  from 
tlic  essay  by  Dr  Utruthers,  referred  to  in  the  lost  chapter. 

"  The  great-groat-grau  dm  other,  lather  I'  (who  mar- 

ritid  A — >~  L ),  had  a  sixth  little  linger  on  one  hand.     Of 

their  eighteen  children  (twelve  daughters  and  six  sons),  only 
ono  (Charlia)  is  known  to  have  hod  digital  ^-ariely.  We 
hara  the  history  of  the  descendants  of  throe  of  the  sons, 
Andrew,  Gharlus,  und  James. 

"  (1.)  Andrew  L hod  two  sons,  Thomas  and  Andrew  ; 

and  Thomas  had  two  sons  all  without  digital  variety.  Here 
we  have  three  succeusive  generations  without  tho  variety 
possessed  by  tho  great- graudmotber  showing  itself. 

"(2.)  James  L ,  who  was  normal,  had  two  sons  and 

seven  daughters,  also  nonnaL  One  of  the  daughters  became 
Mrs  } (one  of  the  informants),  and  had  three  daugfatota 


fe 


I 
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mud  five  bods,  all  nornut  except  one  of  tho  sona,  James  J , 

now  set.  17,  wlio  liod  six  fingers  on  eaoli  hand.     *     *     * 

"  In  this  branch  of  the  descendants  of  Eiither,  we  see  it 
passing  over  two  gonorationa  and  rouppeurmg  in  one  member 
of  tike  third  gi^nvration,  and  now  on  both  bands. 

"  (3.)  Charles  L ,  the  only  child  of  Esther  who  t 

digital  variety,  had  sii  fingers  on  each  hand.  He  hod  tlirc 
■ons,  James,  Thomas,  and  John,  all  of  whom  were  bitni  n 
six  fingers  on  each  hand,  while  John  has  also  a  sixth  toe  on 
one  foot.  He  had  also  five  other  sons  and  four  daughters, 
all  of  whom  were  normal. 

"  (a.)  Of  the  normal  children  of  this,  the  third  genoratiooia 
the  five  sons  had  twelve  sons  and  twelve  daughters,  and  thw 
foar  daughters  have  had  four  sons  and  four  daughters,  being;  ' 
the  fonrth  generation,  all  of  whom  were  normal.     A  fifth 
generation  in  this  sub'group  consists  as  yet  of  only  two  boys 
and  two  girls,  who  are  also  normal. 

"  In  this  sub-branch,  we  see  the  variety  of  the  first  gener- 
ation present  in  the  second,  passing  over  the  third  and 
fourth,  and  also  the  fifth  as  far  aa  it  has  yet  gone. 

"  (fi.)  James  had  threo  sons  and  two  daughters,  who  s 
normal.  ^ 

"  (tf.)  Thomas  had  four  sods  and  five  daughters,  who  are 
norma! ;  and  has  two  grandsons,  also  normaL 

"  In  this  sub-branch  of  the  descent,  we  see  the  vurioty  of 
the  first  generation,  showing  itself  in  tho  second  and  third, 
and  passing  over  tho  fourth,  and  (as  far  as  it  y%t  exists) 
the  fifth  generation. 

"  ((/.)  John  L  —  (one  of  the  infoiTnanta)  had  six  fingers, 
the  additional  finger  being  attached  on  the  outer  side,  aa  in 
the  case  of  his  brothers  Jainos  and  Thomas.  All  of  them 
had  the  additional  digits  removuil.  John  has  also  a  sixth 
toe  on  one  foot,  situated  on  the  outor  sido.  Tho  filth  and 
sixth  toes  have  a  common  proximal  phalanx,  and  a  common 
integument  invests  the  middle  and  distal  phalanges,  caolij 
biiving  a  separate  nail. 
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"  John  L — -  has  a  son  who  is  iiormol,  and  a  dang] 
Jane,  who  was  bora  with  six  fingora  on  each  hand  and  s 
on  each  toot.  The  sixth  fia^ra  were  removed.  The  slztli 
tous  are  not  wmpped  with  the  fifth  as  ia  her  father's  case, 
but  are  distinct  Iroin  them.  The  son  has  a  soti  and  daughhirt 
who,  like  biiosolf,  are  normal. 

"  In  this,  the  most  int«reeting  Bub-bmocb  of  the  descent, 
we  s^  digital  increase,  which  appeared  in  the  first  goneratioB 
on  one  limb,  appearing  in  the  eocond  on  two  limbs,  the 
hands  ;  in  the  third  on  threo  limba,  the  hands  and  one  foot ; 
in  the  fourth  on  all  the  four  limbs.  There  is  as  yet  no  fifth 
generation  in  uninterrupted  transmission  of  the  variety. 
The  Yariety  does  not  yet  occur  in  any  number  of  the  fifth 
gonenitioa  of  Esther's  descendants,  which  cousisls,  as  yet, 
only  of  three  boys  and  one  girl,  whose  parents  wure  normal, 
and  of  two  boys  and  two  girls,  whose  grandparents  wore 
normal.     It  is  not  known  whether  in  the  case  of  the  gr«at- 

great-grandmothor,  Esther  P ,  the  variety  was  original 

or  inherited."*  _ 

g  86.  Wliere  there  ia  great  noifonnihr  among  the  mem- 
bere  of  a  Bpccit-e,  the  divergences  of  offsjmng  from  tlie 
average  type,  are  osnally  small ;  but  where,  among  the 
mcnOicrs  of  a  specic-e,  considerable  nnlikcneeeee  hare  unc« 
been  cslablisbed,  nnUkeoesscs  among  the  offspring  are  fro- 
qncut  and  great.  Wild  plantjg  growing  in  Oieir  uatoral 
habitats,  are  uniform  over  large  ureutt;  and  maintain  from 
generation  to  generation  like  structuroa ;  but  when  cultivar 
lion  has  caused  apprc-ciable  diSereiwWA  among  the  mombcre 
)f  any  species  of  plant,  extensive  and  numerons  deviations 
are  apt  to  asl^e.    Similarly,  between  wild  aad  domesticatod 

■  TIUi  nm«rk»ble  ouo  ippaau*  to  nUiuls  ixuiul  tbo  oooaluiilon,  Jnwn  Hn« 
ftw  pagM  back,  Ibal  Uu  lacrcuc  of  •  prcolkiil j  bj  coinddcoco  of  "  (iwnUDcaua 
■Dcooalt*  gOnfMiolW,  la  inrj  ImprolMblc ;  ud  Uiat  llw  *psdal 
tgp«riaritt«i  of  miudcsl  oompoMn  cuoot  hsve  ihm  uucn.  Tltv  n'ld)'  b,  thai 
Um  •strama  frn]iiaicf  nf  Uia  oociuTOwe  •nong  ic  iuitow  ■  cdiM  m  that  «f 
BUlctl  Miirjku-rn,  bttttili  li 
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nimalfl  of  the  same  species,  we  see  the  contrast,  that  though 
the  homogeneous  wild  race  maintains  its  typo  with  great  per- 
siatcace,  the  comparatively  heterogeneous  domestic  race  fre- 
quently produces  individuals  more  unlike  the  average  typa 
than  the  parents  are. 

Though  unlikenesa  among  progenitors  is  one  antecedent 
of  variation,  it  ia  by  no  means  the  sole  antocodeut.  Wera 
it  BO,  the  young  ones  successively  bora  to  the  same  parents 
would  bo  alike.  If  any  peculiarity  in  a  new  organism 
Tvere  a  direct  resultant  of  the  §trnctural  differences  between  tho 
two  organisms  which  produced  it ;  then  all  subsequent  new 
organisms  produced  hy  these  two,  would  show  the  same  pecu- 
liiirity.  But  wo  know  that  the  successive  o^pruag  have  differ- 
ent peculiarities ;  no  two  of  them  arc  ever  exactly  alike. 

One  cuusQ  of  such  structural  variation  in  progeny,  is 
functional  variation  lo  parenta.  Proof  of  this  is  given  by 
the  fact  that,  among  the  progeny  of  the  same  parents,  tbcro  ii 
more  difference  between  those  begotten  under  different  con- 
stitutional states,  than  between  those  begotten  under  tho 
siime  constitutioniil  stiite.  It  is  notorious  that  twins  are 
more  nearly  alike  than  childien  borne  in  succesaion.  Tho 
functional  conditions  of  the  parents  being  the  same  for  twins, 
but  not  the  same  for  their  brothers  and  sisters  (all  other  anttv 
cedents  being  constant)  ;  we  have  no  choice  but  to  admit  that 
variations  in  the  functional  conditions  of  the  parents,  are  the ' 
nulecedenta  of  those  greater  unllkeneases  which  their  brothers 
and  sisters  exhibit. 

Some  other  antecedent  remains,  however.  The  parents 
being  the  same,  and  their  constitutional  states  the  same,  va- 
riation, more  or  less  marked,  atill  manifests  itself.  Phinla 
grown  from  seeds  out  of  one  pod,  and  aiiitnals  produced  at 
one  birth,  are  not  alike ;  and  sometimes  differ  considerably. 
In  a  litter  of  piga  or  of  kittens,  wo  rarely  see  uniformity  of 
markings ;  and  occasionally,  there  arc  im[x>rtant  structural 
contrasts.  I  have  myself  recently  b«en  shown  a  Utter  ot 
Kewfuundlaud  puppies,  some  of  which  had  four  di^ts  to 
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their  foct,  while  in  othors,  there  waa  pnaent  OD  each  huid-l 
what  is  colled  the  '■  dew-daw  " — a  rudimentary  fifth  digit.^ 
Thus,  induction  points  to  tlireo  causes  of  rorialion,  all  % 
actiuu  together.  We  have  heterogeneity  among  progemto 
which,  did  it  act  uniformlyand  alone  in  generating,  by  oompc 
tion  of  forces,  new  dovintiotis,  would  impress  such  new  del 
tioua  to  the  same  extent  on  all  offspring  of  the  same  parenU 
which  it  does  not.  Wo  have  functional  variation  in  the  pa- 
rents, which,  acting  cither  alone  or  in  combination  with  the  pre- 
ceding cnuae,  would  eutuit  liko  variations  on  all  young  ones 
aimultaueously  produced ;  which  it  dot^s  not.  Ajid  there  is 
consequently  some  third  caiuo  vi  vartatiua,  yet  to  bo  found, 
which  acts  along  with  the  structural  and  functional  variations 
of  ancestors  and  parents. 

H  87  Already,  in  the  liwt  section,  there  haa  been  implied 
some  relation  between  Tariation  and  the  action  of  external 
conditions.  The  above-cited  contrast,  between  the  tiniformity 
of  wild  species  and  the  multiformity  of  the  same  species 
.when  cultivated  or  domesticated,  thruata  this  truth  upon  oa. 
itcapocting  the  variations  of  plants,  Mr  Darwin  remarks 
that  " '  sporta'  are  extremely  rare  under  nature,  but  far  from 
rare  nndet  cultivation."  Others  who  have  studied  the  matter 
assert,  that  if  a  species  of  plant  which,  up  to  a  certain  time, 
has  maintained  great  uniformity,  otico  has  its  constitution 
thoroughly  disturbed,  it  will  go  on  varying  iudetinilely. 
Though,  in  consoquoDco  of  the  rcmotcncst)  of  the  periods  at 
which  tliL-y  were  domealicatoil,  there  is  a  lack  of  positive 
pnx^  tb<t  our  extremely  variable  domestic  animals  havo  bo- 
come  variable  under  the  changed  conililions  implied  by  do- 
meiitication,  haviDf^  b(K;n  previouiily  constant;  yet  competent 
judges  do  uot  doubt  that  this  bus  buco-the  case. 

Now  the  constitutional  disturbance  which  preccdoa  varia- 
ti^,  can  bo  aotliing  else  thup  •\f\  ovorthrowing  of  the^i>- 
tstablished  equilibriuui  of  functions.  Transferring  a  plant 
from  forest  Jands  to  a  jilouglied  field  or  a  manured  gorduu,  ia 
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altering  the  balance  of  forces  to  whfch  it  has  been  hitherto 
subject ;  by  Bupphing  it  yjth  different  piuportiona  of  tha 
aaaimilable  mattera  it  reqHirea.  and  taking  away  some  of  the 
positive  iropeJimcnta  to  ita  f;rowth  ffhich  coropetinj^  wild 
plants  before  ofibred.  An  animal  taken  from  woods  or  pit ' 
where  it  lived  on  wild  food  of  its  own  procuring,  and  placed 
under  restraint,  while  artificially  supplied  with  food  not  quite 
like  what  it  had  before,  is  an  animal  subject  to  new  outer  ac- 
tioiia,  to  which  ila  inner  actiona  must  be  re-aajuatetl.'  From 
tlie  general  law  o^  equilibration  we  found  it  to  follow,  that 
"  tho  maintenance  of  such  a  moring  equilibrium  "  as  an  or- 
ganism displays,  "  requires  the  habitual  genesis  of  internal 
forces  corresponding  in  number,  directions,  and  amounts,  to 
the  external  incident  forces  —  as  many  inner  functions, 
siuglo  or  combinod,  as  there  are  single  or  combined  outer  ac- 
tions to  be  met "  {First  Principles,  §  133)  ;  and  more  recently 
27),  we  have  seen  that  Life  itself  is  "the  definite  coin  bin.- 
atioQ  of  heterogeneous  changes,  both  simultaneous  and  suo- 
correspondence  with  external  co-ex  is  tctices  and 
I."  Necessarily,  tberefoFB.  an  organism  exposed  to  a 
it  change  in  the  armneemftnt  of  onliTT  f""-"".  ""■**  ' 
aeot  ehoDgo  in  tho  arrangement  of  inner 
^^^__  The  old  equilibrium  must  be  destroyed ;  and  a  new 
equilibrium   must  be  established.      The 
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cquuibrium  must  be  estabushed.  Ihere  must  bo  lunc- 
tionol  perturbations,  ending  m  a  re-adjuated  balance  ol 
fuQClioni. 

If,  then,  change  of  conditions  is  the  only  known  cause  by 
which  the  original  homogeneity  of  a  species  is  destroyed ; 
and  if  change  of  conditions  can  affect  on  organism  only  by 
altering  its  functiona;  it  followa  that  alteratioa  of  fune- 
tions  is  the  QuIt  known  ii^[Brnal  nauae  t<^  ffhjy^  the  com- 
nifnoement  of  variation  can  be  ascribed.  That  such  minoi 
functional  changes  as  parents  undergo  from  year  to  ytar,  are 
iulluential  on  the  o&pring,  we  havo  seen  to  be  proved  by 
ir  unlikeness  that  exists  between  children  be 
parents  at    different  times,  than  exists   bel 
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twiiiB.   And  bore  we  seem  forced  to  conclude,  that  the  larg< 
functional  variatioiia  jirod uced  by  greater  external  <^lianf^ 
are  the  initiatora  of  tliose  structurul  Tunationa  wtiiutt,  when 
onco  commeuccd  in  a  species,  load  by  their  combinationa  a 
uitttgontBtus  to  multiform  rettulta.      Whetbor  tboy   are  of  ' 
B.TO  not  tbo  direct  initiators,  tboy  must  atill  be  tbo  indiract 
initiators. 
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S  88.  Tbat  tbcy  are  not  in  all  c 
tbe  direct  iuiliatora,  is  clear.     Were  tbey  so,  thoi 
nc8se6  which  exist  between  plants  that  grow  i 
of  the  Bumo  eeed- vessel,  or  between  animals  belonging  to  ti 
same  litter,  would  bo  inexpUcablo.  Here,  all  the  anteccdentl 
sLmolurul  and  functional,  appear  to  be  alike  for  each  uf 
now  organisms.     Any  deviations  caused  by  structural  c 
trssts  or  functional  disturbancea  in   the  poreulx,  i 
equally  shared  in  by  all  sirnultaneously-producod  oSspru 
Hence,  uu  explanation  of  the  variations  arising  under  sui 
conditions,  bos  still  to  bo  sought. 

Thcao  are  tbo  variations  termed  "  spontaneous."  Not  tl 
those  who  apply  to  them  this  word  or  some  equivalent,  c 
to  imply  tbat  tlicy  are  uncaused.  Mr  Darwin  cxpre 
guards  biiiuiclf  against  such  an  interpretation.  Ho  s 
"  I  hava  hitherto  sometimes  spoken  its  if  the  variation 
common  and  multiform  in  organic  beings  under  dui 
tion,  and  in  a  losacr  degree  in  those  in  a  state  of  natu 
been  duo  lo  ohanoo.  lliis,  of  course,  is  a  wholly  ii 
exprcasion,  but  ;t  aervea  to  ockaowludgc  pUinly  our  ij" 
of  the  canao  of  each  pttr^cuiar  variation."  Not  c 
ever,  do  I  bold,  in  common  witlt  Mr  iDarwin,  that  there  n 
bo  eome  eense  for  tbeee  apparetilly-spontaneoua  i  ___^ 
but  it  eeoms  (o  me  that  a  dofinity^caiuie  is  asMgooble. 
think  it  may  bo  shown  that. 
ariae  between  the  new  iudividuola  simultanpouely  prodiM 
by  the  waaa  pareato.    Inrteed  of  £e  ocourrenoe  of'n 
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nm'atvuua  boing  iotxplicuble,  we  shall  preeently  sco  that  tba 
abaenoo  of  them  would  be  inexplicable. 

Iq  any  series  of  dependent  changes,  u  email  initial  diSerertOft 
olVen  works  a  marked  difference  in  the  resulta.  The  mode  ia 
vhich  a  particular  breaker  bursts  on  the  beach,  may  determine 
whetherthe  seed  of  some  foreign  plantwhich  it  bears,  is  oris  not 
Blninded — may  cause  the  presence  or  absence  of  tbia  plaat  from 
the  Flora  of  the  land;  and  may  so  affect,  formillions  of  years,  in 
countless  ways,  the  living  creatures  throughout  the  land,  A 
single  touch,  by  introducing  into  the  body  some  morbid  mat- 
tor,  may  set  up  an  immensely-involved  set  of  functional  dis- 
lurbanccs  and  structural  alterations.  Tlie  whole  tenor  of  a  life 
may  be  changed  by  a  word  of  advice ;  or  a  glance  may 
determine  an  action  which  alters  thoughts,  feelings,  and 
deeds  throughout  a  long  series  of  years.  In  those  still  more 
involved  combinations  of  changes  which  societies  exhibit, 
this  truth  is  still  more  conspicuous.  A  hair's-breadth  differ- 
eiice  in  the  direction  of  some  soldier's  musket  at  the  battle  oi-. 
Areola,  by  killing  Napoleon,  might  have  changed  cveiitB 
throughout  Europe :  though  the  social  organization  in  cacll 
European  country,  would  have  been  now  very  much  what  it 
is,  yet  in  countless  details  it  would  have  been  different. 

Illustrutions  like  these,  with  which  pnges  might  he  liUod, 
prepare  us  for  the  conclusion,  that  organisms  produced  by 
the  same  parents  at  the  jame  time,  must  be  more  or  less 
differentiated  both  by  insensible  initial  differences,  and  by 
slight  differences  in  the  conditions  to  which  they  are  subject 
during  their  evolution.  We  need  not,  however,  rest  with 
assuming  such  initial  differences:  the  necessity  of  them  it 
demonstrable.  The  individual  germ-cells,  which,  in  sucoes- 
^ion  or  simultaneously,  are  separated  from  the  same  purcnl, 
can  never  bo  exactly  alike;  nor  can  the  sperm-cells  which 
tertilixe  them.  When  treating  of  the  instability  of  tha 
hoiuugcncous  (First.  PriiicipUg,  §  109),  we  saw  that  no  two 
)arts  uf  u 
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i  109),  ■ 
iggregute,  can  be  similarly  coiiditioucd  n-itk^ 
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napect  to  incident  forces ;   and  that  being  subject  to  fora 
that  are  more  or  less  unlike,  they  must  bticomc  more  or  la 
unlike.     Hence,  no  two  ova  in  an  oTarum  or  oviil'.'d  in   ■ 
Buuit> vessel — no   two   spermatosoa    or    pollen-ccUs,   can    be 
idtinticaL     Whether  or  not  thero  arise  other  controsta.  ther«_ 
are  eortiun  to  arise  quiuititative  contrasts  ;  aince  the  pru 
of  nutrition  cannot  be  absolutely  alike  for  all.     The  repn 
ductive  centres  must  begin  to  dilTuruntijito  from  the  i 
outset.  Such  Uiing  the  necessities  of  the  cuao,  whl 

will  bnppen  on  any  successive  or  simultaneoua  fertilizatiooi 
There  will  inevitably  result  more  or  less  unlikonoas  bctw« 
the  combined  parental  inllueiicea  in  every  inatuuce.  Qui 
titutive  differences  among  the  sperm-cella  and  umang  | 
germ-colls,  will  insure  this.  Grunt  tliat  the  number  i 
physiological  unita  contained  in  any  one  reproductive  cell,  I 
rarely  if  ever  bo  exactly  equal  to  the  number  conta 
in  any  other,  ripened  at  the  same  time  or  at  a  different  tin 
and  it  follows  that  among  the  fertilized  germs  produced  t 
the  sarao  parents,  Uie  phj-siological  units  derived  from  e 
porout  will  bear  a  different  numerical  ratio  to  each  other  i 
every  case.  If  now  the  parenta  are  constitutionally  i  ' 
that  is,  alike  in  the  poturities  of  tlioir  physiological  i 
the  variation  in  the  rutio  between  tlie  physiological  i 
they  severally  bequeath  to  the  fertilized  gurnu,  cannot  o 
urilikeneasea  among  the  ofispring.  But  if  otherwise,  no  l^ 
of  the  offspring  can  bu  alike.  In  every  case,  the  small  ij 
difference  in  the  proportions  of  the  slightly- unlike  i 
will  lead,  during  evolution,  to  a  continual  multt plication  i 
ditfurcnces :  the  insensible  divergence  at  the  outset,  will  g 
ate  sensible  divergoncos  at  the  conclusion.  Pot 

biy  somo  may  hence  infer,  that  though,  iu  such  ( 
nf!»pring  must  differ  somewhat  from  each  other  and  fni 
both  par\-nls;  yet  that  in  o^'cry  one  of  them  there  miM 
rvsult  a  liomu^i-iiiHJUs  mixture  of  the  traits  of  the  two  parenid 
A  little  consideration  shows  that  the  reverse  is  inforablo. 
througbuul  the  prucuu  of  duvi-li-pmunt,  the   phystologia 
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BDits  derived  from  each  parent,  preserved  the  Btune  ratio  to 
each  other  in  nil  parts  of  the  growing  organism,  oacli  organ 
would  show  as  much  m  every  other,  tho  influence  of  either 
parent.  But  we  know,  &  priori,  that  no  such  uniform  dis- 
tribution 13  possible.  It  has  been  shown  {First  Princip/ct, 
g  123},  that  in  any  mixed  aggregate  of  units,  segregation 
must  inovitahly  go  on.  Incident  forces  will  tend  ever  to 
cause  separation  of  the  two  orders  of  units  from  each  other — 
will  integrate  groups  of  tho  one  order  in  one  place,  and 
groups  of  the  other  order  in  another  place.  Hence  there 
must  arise,  not  a  homogenoons  mean  between  tlio  two 
parent*;  but  a  mixture  of  organs,  some  of  which  i 
follow  tho  one  parent  and  some  the  other.  And  this  is  t 
kind  of  mixture  which  observation  shows  us. 

Still  it  moy  be  fairly  objected,  that  liowever  tho  attribuU 
of  the  twD  parents  are  variously  mixed  in  their  ; 
■  ofispring,  they  must  in  bU  the  offspring  full  between  thi 
extremes  displayed  in  the  parents.  In  no  characteristic 
could  one  of  the  young  exceed  both  parents,  were  there  no 
cause  of  "  spontaneous  variation  "  but  the  one  alleged.  Evir^ 
dently,  then,  there  is  a  cause  yet  unfound. 

§  89.  Thus  far  wo  have  contemplated  the  process  undM 
its  simplest  aspect.  While  we  have  assumed  tho  two  parents 
to  be  somewhat  unlike,  we  have  assumed  that  each  parent 
has  a  homogeneous  constitution — is  built  up  of  physiologi- 
cal units  that  ore  exactly  alike.  Hut  in  no  case  can  such  a 
homogeneity  exist.  Each  parent  had  parents  that  were  more 
or  less  contrasted — each  parent  inherited  at  least  two  orders 
of  phj'siological  units,  not  quite  identical.  Here  then  wo 
have  a  further  cause  of  variation.  Tho  sperm-cells  or  germ- 
cells  which  any  organism  produces,  will  differ  from  i 
other  not  quantitatively  only,  but  qualitatively.  Of 
slighlly-uuliko  pliysiological  units  bequeathed  to  an  organisi 
it«  reproductive  cells  cannot  habitually  contain  tho  same  pQl 
portions ;  and  we  may  expect  the  proportioiia  to  vary  i 
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eligbtly  but  greatly.  Jufit  aa.  during  tho  evolution  o 
gauism,  the  plij-siologictil  uuits  derived  from  the  tvo 
tend  to  segre^te,  und  produce  likonesa  to  tho  male  parent  ia 
Uiis  feature  and  to  tho  female  parent  tn  thut ;  so,  during  tli» 
furmutioa  of  reprudui^tivo  ceUs  by  such'  organism,  there  will 
arise  ia  odo  cell  a  predominance  of  tho  phyeiological  units 
derived  from  one  parent,  and  in  another  cell  a  prcdominauce 
of  the  physiologicul  units  derived  from  the  other  parent.  Ths 
inatabiiity  of  tho  homogeneous  forbids  ua  to  a&sume  an  even 
diotribution  of  the  two  orders  of  units  in  all  the  reproduotiva 
cells.  And  iuoqualitica  onco  arising  among  them,  must  tend 
evxtr  to  become  more  marked ;  Binco,  wherever  units  of  a 
given  order  have  begun  to  segregate,  the  process  of  dillbreati- 
atiou  und  integration  tends  to  segregate  them  more  and  more. 
Thus,  then,  every  fertilized  germ,  besides  coataiuiug  different 
amounts  of  tho  two  parental  influences,  will  conttiiB  dilferent 
liindv  of  influenoeii — this  having  received  a  marked  imprcM . 
from  one  maternal  or  paternal  ancestor,  and  that  from  an- 
other. 

Here,  then,  wo  have  a  cluo  to  the  multiplied  variations,  and 
eomctimes  extreme  variations,  that  arise  in  raocs  which  hav* 
onuu  begun  to  vary.     Amid  countless  different  combiuationa 
of  units  derived  from  parents,  and  through  them  from  b 
torj,  immediate  and  remote — amid  tho  various  conflicts  i| 
their  slightly-different  polarities,  opposing   and  oonspirin 
with  each  other  in  all  ways  and  degrees  ;   there  wOl  tn 
time  to  time  arise  special  proportions  causing  special  deif 
uiiuns.    From  the  general  law  of  probabilities  it  is  inferaU 
that  while  these  involved  influences,  derived  IVom  many  p 
g«aitors,  most,  on  tho  average  of  cases,  obscure  and  partia 
neutralise  one  another  ;   there  must  occasionally  result  i 
comhiuations  of  them  aa  will  [irixliiee  conaidcmblo  dirergeot 
from  average  structures ;  and  at  rare  intervals,  such  c 
binatiomi  as  will  pmtlueo  vury  marked  divergences.    Ther4|| 
thus  a  oorreapoudenoo  botweeu  the  inferable  results,  and  i 
lotults  OS  babituallv  witucsaod. 
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g  90.  Still  tliore  remains  a  difficulty.  It  may  be  said  tliat 
KdiuLttiag  funotionalcbange  to  Iw  the  initiator  nf  varifltitm 
— granting  tbat  the  phyaiologioal  unita  of  an  organism, 
modUied  by  long  aubjectiop  to  dcw  conditiopa.  vili  tead  to  be- 
come modiiied  in  sucli  way  an  to  cause  change  of  structure  in 
ortspriDgj  yet  Tliere  will  still  be  no  cause  of  ihe  ttup]i-j^i^ 
"Eitcrogeneity  among  the  physiological  units  of  ditlerent  in- 
dividuals. There  seems  validity  in  the  objection,  that  as  all 
the  members  of  a  species  vhoae  circumstances  have  been  al- 
tered, will  be  affected  in  tho  same  manner,  the  results,  when 
they  begin  to  show  themaelvcs  in  descendants,  will  show  them- 
selves in  the  same  manner ;  not  moltiform  variations  will 
arise,  but  deviations  all  in  one  direction. 

The  reply  ia  simple.  The  members  of  a  species  thiis  oir- 
cumstanced,  will  not  be  similarly  affected.  In  the  fthsenco  of 
absolute  uniformity  among  them,  the  functional  changes 
caused  in  them  will  be  more  or  less  dissimilar.  Just  as  men 
of  slightly-unlike  dispositions  behave  in  quite  opposite  ways 
under  tho  same  circumstancos ;  or  just  as  men  of  slightly- 
uulike  constitutions  get  di^-erae  disorders  from  the  same 
cause,  and  are  diversely  acted  on  by  the  same  meditine ;  so, 
the  insensibly-differentiated  members  of  a  species  whose  con- 
ditions have  been  changed,  may  at  once  begin  to  undergo 
various  kinds  of  functional  changes.  As  we  have  already 
seen,  small  initial  contrasts  may  lead  to  large  terminal  con- 
trasts'. The  intenser  cold  of  the  climate  into  which  a  speciea 
lias  migrated,  may  cause  in  one  individual  increased  con- 
sumption of  food,  to  balance  tho  greater  loss  of  heat ;  while 
in  another  individual,  tho  new  requirement  may  be  met  bya 
thicker  growth  of  fur.  Or,  when  meeting  with  the  new 
which  the  new  region  furnishes,  mere  accident  may  < 
mitie  one  member  of  the  species  to  begin  with  one  kind  ana 
another  member  with  another  kind ;  and  hence  may  i 
established  habits  in  these  respective  members  and  their 
descendants.  Now  when  the  funotional  divergences  thus  set 
up  ia  sundry  £imiliea  of  a  species,  have  lasted  long  enough 
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to  affect  their  conatitutione  profoundly,  and  to  modify  eom*- 
wKat  the  physiological  uniU  throwD  off  ia  tUeir  reproduotivo 
cells,  the  divergences  produced  by  tlieae  in  otfapriiig,  will  be 
of  diverse  kinds.  And  the  original  homogonoity  of  constitu- 
tion having  been  thus  destroyed,  variation  may  go  on  wrilh 
increasing  facility.  There  will  result  a  hclerogencoua  mix- 
turo  of  modifications  of  structure,  caused  by  modifications  of 
function ;  and  of  still  more  numerous  correlated  modifica- 
tioQs,  indirectly  so  caused.  By  natural  selection  of  the  most 
divergeut  fonus,  the  unlikonessea  of  parents  will  grow  more 
marked,  and  the  limits  of  variation  wider.  Until  at  length 
the  divergences  of  constitutions  and  modes  of  life,  bocoi 
great  enough  to  lead  to  segregation  of  the  varieties. 


!J  91.  That  variations  must  occur,  and  that  they  must  eveM 
tend,  both  directly  and  indirectly,  towards  aduptivu  modified 
tions,  are  conclusions  deducible  from  first  prineiplee ;  apt 
from  any  detailed  interpretations  like  the  above.     That  thi 
•tato  of  homogeneity  is  an  unstable  state,  we  have  found  i 
be  a  universal  truth.     Koch  species  must  pass  from  thu  nui-'* 
fonn  into  the  more  or  less  multifurm,  unless  the  incidcncu  of 
external  forces  is  exactly  the  same  for  all  its  members ;  which 
it  novor  can  be.      Through  the  procoas  of  dificreatiation  and 
tnU-Kration.  which  "f  ntvp^ty  hriiip  topthcr.  or  keeps  fai- 
getlier,  like  iudividuala,  and  Beparataa  unlike  onea  from  them, 
there  must  nevertheleaa  be  maintained  *  tolerably  untfor 
Bpecica;  »o  long  as  there  contioues  a  tolerably  uniform  set  a 
conditions  in  which  it  may  exist.      Sat  if  tho  conditioi 
change,  either  absolutely  by  some  disturbance  of  the  habiti 
onvlatively  by  spread  of  tho  species  into  other  habitats,  tl 
tho  divergent  indiriduals  that  result,  must   bo  aegrogatA 
by  tho  diviTgeut  sets  of  conditions  into  distinct  variotti 
{Firtt  Prineijilti*,  $  1*26).      When,  instead  of  contemptatil 
»  spociea  in  tlie  aggregate,  we  confine  our  attention  (o  j 
■inglu  member  and  its  dosoondanta,  we  «oo  it  to  be  a  oorolh 
Crom  the  general  law  of  equilibration,  that  tho  moving  equitt 
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brium  constituted  by  the  vital  actions  in  each  member  of 
this  family,  must  remain  constant  so  lon^  as  the  external  ac- 
tions to  which  they  correspond  remain  constant ;  and  that  if 
the  external  actions  are  changed,  the  disturbed  balance  of 
internal  changes,  if  not  overthrown,  cannot  Cease  undergoing 
modification  until  the  internal  changes  are  again  in  equili- 
brium with  the  external  actions :  corresponding  structural 
alterations  having  arisen. 

Or  passing  from  these  derivative  laws  to  the  ultimate  law, 
we  see  that  Variation  is  necessitated  by  the  persistence  of  force. 
The  members  of  a  species  inhabiting  any  area,  cannot  be  subject 
to  like  aggregates  of  forces  over  the  whole  of  that  area.  And 
if,  in  different  parts  of  the  area,  different  kinds  or  amounts  or 
combinations  of  forces  act  on  them,  they  cannot  but  become 
different  in  themselves  and  in  their  progeny.  To  say  otherwise, 
is  to  say  that  differences  in  the  forces  will  not  produce  differ- 
ences in  the  effects ;  which  is  to  deny  the  persistence  of  force. 

Whence  it  is  also  manifest,  that  there  can  be  no  variation 
of  structure,  but  what  is  directly  or  indirectly  consequent  on 
variation  of  function.  On  the  one  hand,  organisms  in  com- 
plete  equilibrium  with  their  conditions,  cannot  be  changed 
except  by  change  in  their  conditions ;  since,  to  assert  other- 
wise,  is  to  assert  that  there  can  be  an  effect  without  a  cause  ; 
wkich  is  to  deny  the  persistence  of  force.  On  the  other  hand, 
any  cnange  ot  conditions  can  attect  an  organism  onlv  by 
changing  the  actions  going  on  in  it — only  by  altering  its  func- 
^onau  The  alterations  of  functions  being  necessarily  towards 
a  re-es&EKsEmLent  of  the  equilibrium,  (for  if  not,  the  equili- 
brium must  ibe  destroyed  and  the  life  cease,  either  in  the  in- 
dividual or  in  descendants,)  it  follows  that  the  structural  alter- 
ations  directly  caused,  are  adaptations ;  and  tliat  tlie  correlated 
structural  alterations  indirectly  caused,  are  the  concomitanteof 
adaptations.  Hence,  though,  by  the  intercourse  of  organisms 
that  havel>een  functionally  and  structurally  modified  in  dif- 
ferent directions,  there  may  result  organisms  that  deviate  in 
compound  ways  which  appear  unrelated  to  external  condi- 
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tions,  the  deyiations  of  such  oiganismB  must  still  be  regarded 
as  indirect  results  of  fiiuctional  adaptations.  We  must  say 
that  in  all  cases,  adaptive  change  of  fiinction  is  the  primaiy 
and  ever-acting  cause  of  Uiat  change  of  structure  which  con« 
stitutes  variation ;  and  that  the  variation  which  appears  to 
be  '^spontaneous^"  is  derivative  and  secondary. 


CHAPTER  X. 

GENESIS,   HEREDITY,   AND  VARIATIOK. 

jt  92.  A  QUESTION  raised,  and  hypothetically  answered,  in 
i%  78  and  79,  was  there  postponed  until  we  had  dealt  with  the 
topics  of  Heredity  and  Variation.  Let  ns  now  resume  the 
consideration  of  this  question,  in  connexion  with  sundry 
others  which  the  facts  suggest. 

After  contemplating  the  several  methods  by  which  the 
multiplication  of  organisms  is  carried  on  —  after  ranging 
&hem  under  the  two  heads  of  Homogenesis,  in  which  the  suc- 
cessive generations  are  similarly  produced,  and  Heterogenesis, 
in  which  they  are  dissimilarly  produced — after  observing 
that  Homogenesis  is  always  sexual  genesis,  while  Heteroge- 
nesis is  asexual  genesis  with  occasionally-recurring  sexual 
genesis  ;  we  came  to  the  questions — why  is  it  that  some  or- 
ganisms multiply  in  the  one  way,  and  some  in  the  other  P 
and  why  is  it  that  where  agamogenesis  prevails,  it  is  usually, 
from  time  to  time,  interrupted  by  gamogenesis  P  In  seeking 
an  answer  to  this  question,  we  inquired  whether  there  are^ 
common  to  both  Homogenesis  and  Heterogenesis,  any  condi- 
tions under  which  alone  sperm-cells  and  germ-cells  arise  and 
are  united,  for  the  production  of  new  organisms;  and  we 
reached  the  conclusion  that,  in  all  cases,  they  arise  only 
when  there  is  an  approach  to  equiUbrium  between  the  forces 
which  produce  growth  and  the  forces  which  oppose  growth. 
This  answer  to  the  question — when  does  gamogenesis  recur? 
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■tiU  left  UDaitBwerod  tLo  quefltion — tchy  ilocs  gnm 
recur P  And  to  this  the  reply  snggestcd  nun,  that  the  a 
proach  towards  general  equilibrium  in  orgauisms,  "  is  i 
companicd  by  an  approach  towurda  miik-cular  equilibrium  &ri 
there ;  ond  that  Uio  need  for  thia  union  of  Bperm-cpll  anl^ 
gcrm-ObU,  it)  the  need  for  ovcrthroving  this  equilibrium,  and 
re-Mtablisliing  active  molecuhir  ohange  in  the  deUtched  germ 
— a  result  which  is  probably  elfteted  by  mixing  the  alightly- 
ditTerent  physiological  units  of  slightly-different  individuals." 
This  is  the  hypothesis  which  we  hare  now  to  consider.  Let 
OS  first  look  at  the  evidences  which  certain  inorganic  pheno- 
mena funiish. 

I'ho  moleciUes  of  uny  aggrpgat«  which  have  not  a  bolani 
umngemcnt,  inevitably  tend  towards  a  balanced  arrangcmeS 
As  before  mcntioDcd  (^Vrsf  Principh-s,  §  103)  nmorphons 
wrought  iron,  whon  subject  to  continuous  jar,  begins  to  arrange 
itself  into  crystals — its  atoms  aasiuno  a  condition  of  polai 
equilibrium.  The  particles  of  unonneoled  glass,  which  are  so 
unstably  arranged  that  slight  disturbing  forces  make  them 
ecparato  into  small  groups,  take  advantage  of  that  greater 
freedom  of  movement  given  by  a  raised  temperature,  to  ad- 
just themselves  into  n  stat«  of  rolativo  rest.  During  any 
Buuli  rc-orrangemeut,  the  aggregate  exercises  a  coercive  force 
over  its  unit4.  Just  aa  in  a  growing  crystal,  the  atoms  mio- 
coasively  assimilated  from  the  solution,  are  made  by  ihc  al< 
rvody- crystallized  atoms  to  take  a  certain  form,  and  < 
resiompleto  that  ftirm  when  it  is  broken  ;  so  in  any  n 
unstably-arranged  atoms  that  passes  into  a  slablu  arruiigen 
each  atom  conforms  tu  the  forces  exercised  on  it  by  s 
other  atoms.  This  ta  a  corollary  fn>m  the  ginipml  1 
oquilibrntion.  Wo  saw  (J^Tm^  I'ritwipki,  %  1^0)  that  e 
change  is  towards  equilibrium ;  and  that  change  can  i 
cnasu  until  equilibrium  is  roochod.  Organisms,  above 

«U  otlior  aggregates,  conspicuously  display  this  progreesiva 
nqailibratiou ;  bocuuso  their  uniU  ore  of  sueli  kinds,  a 
BOBditiouad,  as  to  admit  of  easy  ro-arrongcment. 
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extremely  active  changes  which  go  on  during  the  early 
stages  of  evolution,  imply  an  immeuse  excess  of  the  mole- 
culur  forces  over  those  aatagoitist  forces  which  the  aggregate 
exercises  on  the  molecules.  While  this  excess  continues,  it 
ia  expended  in  growth,  development,  and  function — expfocU- 
ture  for  any  of  these  purposes,  being  proof  that  part  of  the 
force  embodied  in  molecular  tensions,  remains  uiibatanced. 
Ivventually.  however,  this  excess  diminishes.  Either,  as  in 
organisms  which  do  not  expend  much  force,  decrease  of  assi- 
inilation  leads  to  its  decline ;  or,  as  in  organisms  wliich  ex- 
pend much  force,  it  is  counterbalanced  by  the  rapidly- increas- 
ing re-actions  of  the  aggregate  (^  46).  The  cessation  ol 
growth,  when  followed,  as  in  some  organisms,  by  deatli,  im> 
plies  the  arrival  at  an  equilibrium  between  the  molecular 
fcrces,  and  those  forces  which  the  aggregate  opposes  to  them. 
^Mien,  as  in  other  organisms,  growth  ends  in  the  establish- 
ment of  a  moving  equilibrium,  there  is  implied  such  a  de- 
creased preponderance  of  the  molecular  forces,  as  leaves  no 
surplus  beyond  that  which  is  used  up  in  functions.  Tlie  de- 
clining functional  actinty,  characteristic  of  advancing  life, 
expresses  a  further  decline  in  this  surplus.  And  when  all 
ritfil  movements  come  to  an  end,  the  implication  ia,  that 
the  actions  of  tho  units  on  the  aggregate  and  the  ro- 
actioos  of  the  aggregate  on  the  units,  are  completely  bal- 
anced. Hence,  while  a  slat-e  of  rapid  growth 
catea  such  a  play  of  forces  among  the  units  of  an  aggregal 
OS  will  produce  active  re-distribution;  tho  diminution  ani 
arrest  of  growth,  shows  that  the  unita  have  fallen  into  sui 
relative  positions  that  re-distribution  is  no  longer  go  facile^ 
When,  therefore,  we  see  that  gamogenesis  recurs  only  when 
growth  is  decreasing,  or  has  come  to  an  end,  we  must  say 
that  it  recurs  only  when  tha  organic  units  are  approxiina- 
;ing  to  equilibrium — only  when  their  mutual  n^Blmints  pre- 
vent them  from  readily  changing  their  arrangements  in  obo- 
lienoe  to  incident  forces. 
That  units  of  like  forms  con  be  built  up  into  a  more  sta] 


■"-    -I 

m 

ile.^^1 


I 

■ 


276  HIE  iJfDucnoss  op  biology. 

*gK^^te  t^>i°  unitA  of  slightly  unlike  foroiB,  is  tolerably 
tnaniftist,  i  priori.  And  we  bate  focUvhich  prove  that  mixing 
allied  but  aomowhat  difierent  units, rfoea  lead  to  comparative  in- 
■lability.  Most  metallic  alloys  exemplify  this  truth.  Com- 
mon Bolder,  which  is  a  mixture  of  lead  and  tin,  melts  at  a  much 
lower  tompomture  than  either  lead  or  tin.  The  compound  of 
lead,  tin,  and  bismuth,  called  "  fusible  metal,"  becomes  fluid 
at  the  temperature  of  boiling  water ;  while  the  temperatures 
at  which  lead,  tin,  and  bismuth  become  fluid,  are,  respectively, 
612',  442^,  and  497",  F.  Still  more  remarkable  ia  the  illustm- 
tion  furuished  by  potassium  and  sodium.  These  raetab  are 
very  near  akin  in  all  respects — in  their  specific  gravities,  their 
atomic  weights,  their  chemical  affinities,  and  the  properties 
of  their  compounds.  That  is  to  say,  uU  the  evidences  unit©  to 
show  that  their  units,  though  not  idc-ntical,  have  a  close  reacm- 
blanco.  What  now  liappens  when  they  are  mixed  ?  Potaasiam 
alone  melts  at  IQG',  sodium  alone  melts  at  lOO",  but  the  alloy  of 
potassium  and  sodium,  is  liquid  at  the  ordinary  temperature  of 
the  air.  Observe  the  meaning  of  those  facts,  expressed  in 
general  terms.  The  maintenance  of  a  solid  form  by  any  group 
of  units,  implies  among  them  an  arrangement  so  stahli'.  that 
it  cannot  be  overthrown  by  the  incident  forces.  Wbenus  the 
assumption  of  a  liquid  form,  implies  that  the  incident  forces 
aulBco  to  di'stroy  tho  nrrungemeut  of  the  units.  In  the  one 
case,  tho  thcnniil  uniluhitions  fail  to  dislocate  the  parts  ;  whila 
in  tho  other  case,  tlie  parts  are  so  dislocated  by  the  thermal 
undulations,  that  they  fall  into  total  disonlcr — a  disorder 
admitting  of  easy  re-iu-rongemcnt  into  any  other  order.  For 
thu  liquid  atata  ia  a  atato  in  which  tbo  unit«  become  so  far  frca 
from  mutual  rcslruints,  that  incident  forces  can  chaii|>e  tbeir 
relalivo  positions  very  roodily.  Thus  we  huvo  reason  to 
conclude,  that  an  aggrogulo  uf  unita  which,  though  in  the 
main  siqiUar  to  each  other,  have  minor  dltforencee,  must  bo 
more  unstabla  ttuin  un  aggregate  of  homogonoous  units:  ths 
on«  will  yield  to  disturbing  forces  which  the  other  suc-cufully 
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Now  though  the  colloidal  atoms  of  wliicli  organisms  a» 
mainly  built,  are  themselves  highly  composite  ;  and  though 
the  physiologic&L  unil^  compounded  out  of  these  colloidal 
atoms,  must  have  structures  far  more  involved  ;  yet  it  must 
happen  with  such  units,  as  with  simple  units,  that  those 
which  have  exactly  like  forms,  will  admit  of  arrangemeiit  into 
a  more  stable  aggregate  than  those  which  have  siightly- 
unlike  forms.  Among  units  of  this  order,  as  among  unita 
of  a  simpler  order,  imperfect  similarity  must  entail  imperfect 
polar  balance,  and  consequent  diminished  ability  to  withstand 
disttirbing  forces.  Hence,  given  two  organisms  which,  by 
diminished  nutrition  or  increased  expenditure,  aro  being  ar- 
rested in  their  growths — given  in  each  an  approaching 
equilibrium  between  the  forces  of  the  units  and  the  forces  of 
the  aggregate — given,  that  is,  such  a  comparatively -balanced 
etute  among  the  units,  that  re-amingemcnt  of  them  by  inci- 
dent forces  ia  no  longer  so  easy ;  and  it  will  follow  that  by 
uniting  a  group  of  units  from  the  one  organism  with  a  group 
of  slightly- different  units  from  the  other,  the  tendency  to- 
wards eiiuilibrium  will  be  diminished,  and  the  mixed  units 
will  bo  rendered  more  roodifiuhle  in  their  arrangements  by 
the  forces  acting  on  thora  :  they  will  be  so  far  freed  as  to  be- 
come again  capable  of  that  re- distribution  which  constitutes 
evolution.  This  view  of  the  matter  ia  in  harmony 

with  the  results  of  observation  on  the  initial  stages  of  develop- 
ment. Some  pages  back,  it  was  asserted  that  sperm-cell  and 
germ-cell  severally  arrive,  before  their  union,  at  a  condilion 
of  equilibrium.  Though  approximately  true,  this  is  not  liter- 
ally true.  I  learn  fnjm  Dr  W.  II.  Ransom,  who  has  invcsti^ 
gated  the  question  with  great  care,  tliat  the  unfertilized  o 
continues,  for  a  time,  to  undergo  changi'S  similar  to  tliose  whic) 
the  fertilized  ovum  undergoes;  but  that  thesochanges,becom 
languid  and  incomplete,  are  finally  arrested  by  decompodtioi 
Here  we  find  what  might  be  expected.  In  the  first  place, 
organism  which  develops  germ-celb,  is  not  in  a  state  of  mold 
cular  equilibrium,  but  in  a  state  of  approach  to  such  eqaill 
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brium.  Hence,  a  group  of  physiological  uDita  cast  off  tram  it, 
will  not  bo  wlioUy  without  a  tendency  to  undergo  the  etruc- 
tural  re-arrangementa  whicli  wo  call  development  j  but  will 
have  this  tondenny  unduly  restr^ed  by  partiully-bulonccd 
polarities.  In  tlie  second  place,  undue  restraint  of  the  pby* 
Biological  aiiils,  wbilo  it  renders  theai  aa  wholes  leu-caaily 
altvred  in  their  rehitive  positions  by  incident  forces,  tberebjr 
uleo  renders  them  more  liable  to  be  individually  decomposed 
by  incident  forces:  the  same  thermal  undulations  which,  if 
the  physiological  units  are  comparatively  free,  will  aid  Uioir 
ro-nrrangenieut  by  giving  them  still  grcator  freedom,  will,  if 
tliey  are  comparatively  fixed,  begin  to  change  the  arrange- 
mentfl  of  their  components — will  decompose  them.  In  th« 
third  pUc«,  their  decomposition  will  be  prevented  as  well  aa 
tlieir  re-distribution  facilitated,  by  sucli  disturbance  of  thi-ir 
polarities  aa  we  have  seen  must  result  from  mixing  with  them 
the  slightly-unlike  units  of  another  organism. 

And  now  lot  ua  test  this  hypothesis,  by  seeing  what  power 
it  gives  us  of  iul«rprcting  established  inductions. 

S  9-1.  The  majority  of  plants  being  hermaphrodites,  it  has, 
until  quite  recently,  been  sup[H«cd  that  the  ovules  of  each 
flower  are  fertilized  by  poUcn  from  the  anthers  of  the  same 
flower,  llr  Darwin,  however,  has  shown  that  the  arrange- 
ments ore  generally  such  aa  to  prevent  this  :  either  the  ovuItM 
and  the  pollen  are  not  ripe  simultanooDsly,  or  obstacles  pre- 
vent access  of  the  one  to  the  other.  At  the  sumo  time,  he  haa 
shown  that  there  exist  arrangeuients,  often  of  a  reniarknbta 
kind,  which  facilitate  the  transfer  of  pollen  by  insects  from  tht 
stammis  of  one  flower  to  the  pistil  of  another.  &iRU> 

lurly,  it  bos  been  found  that  among  the  luwer  dnimols,  benmi* 
phrodism  does  not  usually  involve  iho  production  of  fertiht 
germs,  by  the  union  of  spenn-cclls  and  germ-cells  developed 
in  the  same  individual;  but  that  the  reproductive  ocntroa  of 
one  individual  are  united  with  tlioso  of  anothrr,  to  pruduo* 
fertile  genua.   Either,  as  in  the  Pgrt^oma,  the  Peropfwra,  auj 
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In  DKiay  bighcr  molluscs,  tho  ova  and  spermatozoa  are 
tured  at  diiTorent  times ;  or,  as  in  annelids,  they  are  proveated 
by  their  relative  positiona  from  coming  in  contact. 

ILemcmbering  tlie  fact  that  among  the  higher  clflases  of 
organiems,  fertilization  is  always  effected  by  combining  the 
■perm-ccll  of  one  individual  with  the  gorm-cell  of  another ; 
and  joining  with  it  tho  fact  that  among  hermaphrodite  organ- 
isms, the  germ-cells  developed  in  any  individual,  are  UBiiuUy 
not  fertilized  by  aperm-ccUa  developed  in  the  same  individual ; 
we  see  reason  for  thinking  that  the  essential  thing  in  fertiliz- 
ation, is  the  uoiou  of  specially-fitted  portions  of  different  or- 
ganisms. If  fertilization  depended  on  the  peculiar  properties 
of  aperm-cell  and  germ-cell,  as  such  ;  then,  in  hermaphrodite 
organisms,  it  would  be  a  mutter  of  indilfcrence  whether  the 
united  sperm-cells  and  germ-cells  were  those  of  the  same  in- 
dividual, or  those  of  different  individuals.  But  the  circum- 
stiinco  that  there  exist  in  such  organisms,  elaborate  s 
pliancea  for  mutual  fertilization,  shows  that  unlikeness 
derivation  in  tho  united  reproductive  centres,  is  the  dceidf 
ratum.  Now  this  is  just  what  the  foregoing  hjpotheaitf 

implies.  If,  as  was  concluded,  fertilization  haa  for  its  object 
the  disturbance  of  that  approximate  equilibrium  existing 
among  the  physiological  units  separated  from  an  adult  organ- 
ism ;  and  if,  as  we  saw  reason  to  think,  this  object  is  effoet^ 
by  mixture  with  the  slightly- different  physiological  unita  of 
another  organism ;  then,  we  at  the  same  time  see  reason  to 
think,  that  this  object  will  not  bo  effected  by  mixture  with 
physiulogioal  units  belonging  to  the  some  organism.  Thus, 
the  hypothcBiB  leada  us  to  expect  such  provisions  as  we 
exist. 


%  94.  But  hero  a  difficulty  presents  itself.  These  proposi-' 
tions  seem  to  involve  the  conclusion,  that  sclf-fcrti ligation  is 
impossible.  It  apparently  follows  from  them,  that  s  group  of 
physiological  units  from  one  part  of  an  organism,  ought  to 
have  no  power  of  altering  the  state  of  approaching  balaoco  Ji 
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a  group  from  another  part  of  it.  Tet  solf-rcrtQizatioii  i 
occur.  Though  tho  ovuloa  of  one  pUnt,  are  gcnorally  t 
tiluEod  by  pollen  from  another  plant  of  the  same  kuid  ;  yet 
they  may  be,  some  of  them,  fertilized  by  the  pollen  of  the  aame 
plant.  And  though,  among  hermaphrodite  animals,  self-fer- 
tilization ia  usually  negatived  by  struotural  or  funotional  ar- 
raiigcments  ;  yot  in  certain  Entozon,  (here  appear  to  be  special 
pru\T8ion9  by  which  the  sperm-cells  and  germ-cells  of  the  same 
individual  may  be  united,  when  not  previously  united  with 
those  of  another  individual,  CertaiiJy,  at  first  sight,  theao 
fac'td  do  not  consist  with  the  above  supposition.  Neverthe- 
loss,  there  is  a  satisfactory  solution  of  them. 

In  the  last  chapter,  when  considering  the  variations  that 
may  result  in  offspring  from  the  combination  of  unliko 
parental  constitutions,  it  was  pointed  out  that  in  an  unfolding 
organism,  composed  of  Blightly-ditfercnt  physiological  units 
derived  from  slightly-different  parents,  tiiere  cannot  be  main- 
tained an  even  distribution  of  the  two  orders  of  unit«.  We 
Niw  that  (he  instability  of  the  bomogcneoua,  negatives  the 
uniform  blending  of  them  ;  and  that,  by  the  process  of  diflei^ 
enlialioQ  and  integration,  they  must  be  more  or  leas  separated ; 
BO  that  in  one  part  of  the  body  the  influence  of  one  parent  will 
predominate,  aud  in  another  part  of  the  body  the  inflaoDoe  of 
the  other  parent :  au  inference  wbich  liarmoni7.ea  with  daily 
observation.  And  we  also  saw,  that  the  apcrm-celld  or  germ- 
celta  produced  by  such  an  organism,  must,  in  virtue  of  lliaaa 
same  laws,  be  more  or  losa  unlike  one  another.  It  waa  showtt 
that  thniugh  sogregation,  some  at  t/>e  spermHScIla  or  gem- 
cells  will  get  an  excess  of  the  pliyaiological  units  darived 
from  one  side,  and  some  of  them  an  excess  of  ihosa  derived 
from  the  other  side :  a  cause  which  accounts  for  the  uulikencsBoa 
among  oUtpriug  simultaneoualy  pnxluced.  \ow  from  this 
segregation  of  the  different  orders  of  physiological  units,  tn- 
hcritod  from  different  parents  and  lines  of  Bmcttry,  tbora 
arises  the  p-jasibility  of  self-fertilization  in  hcrmaplirodit* 
orgonisma.     If  the  physiological  units  contained  in  ihos] 
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oells  and  germ-colla  of  the  same  flower,  are  not  quite  homo*  I 
geneoua — if  in  Bome  of  the  otuIgs  the  physiological  unitfl  ' 
derived  from  the  one  parent  greatly  predominate,  and  in  Boma 
of  the  ovules  those  derived  &om  the  other  parent ;  and  if  the 
like  is  true  of  the  pollen-cells ;  then,  some  of  the  ovules  may 
ue  nearly  as  much  contraatod  with  some  of  the  polleti-uella,  i 
the  characters  of  their  contained  unit^  as  were  the  ovules  and 
pollen-cells  of  the  parents  from  which  the  plant  proceeded. 
Between  part  of  the  aperm-cells  and  part  of  the  germ-cella,  thfl 
community  of  nature  will  be  such  that  fertilization  will  not 
result  from  their  union ;  but  between  some  of  them,  the   i 
diSerences  of  constitution    will  be   such  that   their   union, I 
will  produce  the  requisite  molecular  instability.     The  facts,  ^ 
BO  for  as  they  are  known,  seem  in  harmony  with  this  deduction. 
Self-fertilization  in  flowers,  when  it  takes  place,  is  not  so 
efficient  as  mutual  fertilization.     Though  some  of  the  ovules 
produce  seeds,  yet  more  of  them  than  usual  are  abortive. 
From  which,  indeed,  results  the  eatublishmeot  of  varieties  that 
have  structures  favourable  to  mutual  fertilization;  since,  being 
more  prohfic,  these  have,  other  things  equal,  g^eatfir  chancea  J 
in  the  "  struggle  for  existence." 

Further  evidence  is  at  hand  in  support  of  this  interpreta-  n 
tion.  There  is  reason  to  believe  that  self-fertilization,  wliich 
at  the  beet  is  comparatively  inefficient,  loses  all  efficiency  in 
course  of  time.  After  giving  an  account  of  the  provisions  for 
an  occasional,  or  a  frequent,  or  a  constant  crossing  between 
flowci's ;  and  after  quoting  Prof.  Huxley  to  the  effect  that 
among  hermaphrodite  auimals,  there  is  no  case  in  which  "  thu 
occasional  infloence  of  a  distinct  individual  can  be  shown  to 
be  physically  impossible  ;  "  Mr  Darwin  writes — "  from  tlieae 
sereral  considerations  and  from  the  many  special  facts  which 
I  have  collected,  but  which  I  am  not  here  able  to  give,  I  am 
strongly  inclined  to  suspect  that,  both  in  the  vegetable  and 
animal  kingdoms,  an  occasional  intercross  with  a  distinct  in- 
dividual is  a  law  of  nature.  *  *  *  in  none,  as  I  suspecl^J 
can  self-fertilization  go  on  for  perpetuity."    This  conclusia 
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based  wholly  on  observed  facta,  ia  just  the  conclnaioii  to  ^htcili 
the  foregoing  argument  poinU.  That  neceseaiy  actioQ  and 
the  re-action  between  the  parts  of  an  organism  and  the 
organism  as  a  whole — that  power  of  the  aggregate  to  re-mould 
the  units,  which  is  the  correlatiTe  of  the  power  of  the  units  to 
build  up  into  such  au  aggregate  ;  implies  that  any  difierenoea 
existing  between  the  units  inherited  by  an  organism,  most 
gradually  dimiaisb.  Being  subject  in  iximinon  to  the  total 
I'urcos  of  the  organism,  they  will  in  common  be  moditied  to- 
wards congruity  with  these  forces;  and  therefore  towarda 
likeness  with  each  other.  If,  then,  in  a  self-fertilizing  organism 
and  its  self- fertilizing  descendants,  such  coutrusls  aa  origin* 
ally  existed  among  the  physiological  units,  are  progresaive- 
ly  obliterated  —  if,  consequently,  thoro  can  no  longer  be  • 
segregation  of  different  physiological  units  in  different  sitemt- 
cellsand  germ-cells;  self-fertilization  will bocotuo impossible : 
step  by  step  the  feitility  Tiill  diminish,  and  tho  series  will 
finally  die  out. 

And  now  observe,  in  confirmation  of  this  view,  that  self- 
fertilization  is  limited  to  organisms,  in  which  an  approximata 
equilibrium  among  the  organic  forces,  ia  not  long  maintained. 
While  growth  is  actively  going  on,  and  the  physiological  nniU 
are  subject  to  a  continually-changing  distribution  of  forcea, 
no  decided  assimilation  of  tho  units  can  be  expected :  Uke 
forces  acting  on  the  uuliko  units,  will  tend  to  segregate  them, 
BO  long  as  continuance  of  evolution  permits  further  segr^gn* 
lion ;  and  only  when  further  segregation  cannot  go  on,  will 
the  like  forces  tend  to  assimilate  the  units.  Hence,  where 
there  is  no  prolonged  maintenance  of  an  approximate  organie 
balance,  self-fertilization  may  he  possible  for  some  gener> 
ations ;  bat  it  will  be  impossible  in  organisms  distinguished 
by  a  sustained  moving  equilibrium. 

{I  95.  The  iDterpretution  which  it  aSbrds  of  sundry  pheDo> 
mena  familiar  to  breeders  of  animals,  adds  probability  to  tlui 
bypollieais.   Mr  Darwin  has  collected  a  largo  "  IxKly  of  faot»i 
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■howing,  in  accordance  with  the  almoat  universal  belief  ot 
breedere,  that  with  animals  and  plants  a  cross  between  different 
varieties,  or  between  individuals  of  the  same  variety  but  ot 
another  strain,  gives  vigour  and  fertility  to  the  offspring ;  and 
on  the  other  hand,  that  c/Me  interbreeding  diminishes  vigoui 
and  fertility," — a  conclusion  harmonizing  with  the  current 
belief  respecting  fiimily-intermarriages  in  the  human  race. 
Have  we  not  hero  a  solution  of  these  facts  ?  Relations  must,  on 
the  average  of  cases,  be  individuals  whose  physiological  uoita 
are  more  nearly  alike  than  usual.  Anicnals  of  different 
varieties  must  be  those  whose  physiological  units  are  more 
unlike  than  usual.  In  the  one  cose,  the  unlikeness  of  the 
units  may  frequently  be  insufficient  to  produce  fertilization ; 
or,  if  sufficient  to  produce  fertillzatioTi,  not  sufBcient  to  produce 
that  active  molecular  change  required  for  vigorous  develop- 
ment. In  the  other  case,  both  fertilization  and  vigorous 
development  will  bo  made  probable. 

Not  are  we  without  a  cause  for  the  irregular  manifestation  of 
these  general  tendencies.  The  mixed  physiological  units  com- 
posing any  organism,  being,  as  we  have  seen,  more  or  less  se- 
I  gregnted  in  the  reproductive  centres  it  throws  off;  thero  may 
arise  various  results,  according  to  the  degrees  of  difference 
among  the  units,  and  the  degrees  in  which  the  units  are  segre- 
gated. Of  two  cousins  who  have  married,  the  common  grand- 
parents may  have  had  either  similar  or  dissimilar  constitu- 
tions; and  if  their  constitutions  were  dissimilar,  the  probability 
tliat  their  married  grandchildren  will  have  ofispriiig  will  be 
greater  than  if  their  constitutions  were  similar.  Or  the 
brothers  and  sisters  from  whom  these  cousins  descended,  in- 
stead of  severally  inheriting  the  constitutions  of  their  parents 
in  tolerably  equal  degrees,  may  have  severally  inherited  thera 
in  very  different  degrees :  in  which  last  case,  intermarriages 
among  the  grandchildren  will  he  less  likely  to  prove  infertile. 
Or  the  brothers  and  sisters  from  whom  these  cousins  de-  _ 
•oended,  may  severally  have  married  persona  very  like,  otj 
Tor;  unlike,  themselves ;    and  iVom  this  cause  there  man 
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have  resulted,  cither  an  undue  likenoaa,  or  a  due  uilik^ 
neaa,  between  the  mairiod  cousins.  These  several  caoaed, 
conspiring  and  conflictinj^  in  endless  «a]rs  and  degrom,  will 
vork  multiform  eUects.  Moreover,  difierencee  of  Be^rega- 
tion  will  make  the  rcproductivo  centres  produced  hy  ths 
same  □early 'rehited  organisms,  vary  considerably  in  their 
amounts  of  unlifeonesa  ;  and  therefore,  supposing  their  amounts 
of  unlikeness  groat  enough  to  cause  fertilization,  this  furtilixa- 
UoD  will  be  effectiTO  in  various  degrees.  Hence  it  may  happen 
that  among  offspring  of  nearly- related  parents,  tlieru  may  bo 
some  in  which  the  wont  of  vigour  is  not  marked,  and  others  in 
which  there  ia  decided  want  of  vigour.  So  lliat  wo  are  alike 
shown  why  in-and-in  breeding  tends  to  diminish  both  fertiltty 
and  vigour ;  and  why  the  oifect  cannot  bo  u  uniform  effect,  Inii 
only  on  average  cQbct. 


S  96.  Wbile,  if  the  foregoing  argumenta  are  \'alid,  ganu>> 
genesis  has  for  its  main  end,  the  initiation  of  a  now  dsvelofK 
mont  by  the  ovcrthrowof  that  approximate  equilibrium  arrivud 
atamougthc  molecules  of  the  parent-organisms;  a  further  coid 
appears  to  bo  subserved  by  it.  Those  inferior  organiama 
wliidi  habitually  multiply  by  agamogencsis,  have  oondiliona 
of  life  that  are  simple  and  uniform ;  while  those  orgaoianu 
that  have  highly -complex  and  variable  conditions  of  life, 
habitually  multiply  by  gamogeneeis.  Now  if  a  spocica  baa 
complex  and  variable  conditions  of  life,  its  mcmbera  must  b* 
aeverally  exposed  to  sets  of  conditions  that  are  alighUy 
diScrcut ;  the  nggrcgat^^  of  incident  forces  cannot  bo  alifca 
for  oil  the  scattered  individuals.  Hence,  as  functioDol 
dc\-iation  must  ever  be  inducing  atroctural  deviation,  ottcfa 
individual  throughout  the  area  occupied,  tends  to  bucoin* 
fitted  for  the  particular  habits  which  its  particular  conditions 
noocMutat«;  and  in  so  fur,  unltttud  for  the  average  habits 
proper  to  the  sjiocies.  Uut  these  undue  BpL>ciuli£ationa  an 
continually  chixikod  by  gamogpncsis.  As  Mr  Darwin  remarka 
— "  intercroasiug  play«  a  very  importuut  part  in  nature  to 
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keeping  tho  individiiaU  of  the  aame  species,  or  of  t 
true  and  uniform  in  character ;"  the  idiosyncratic  c 
obliterate  eacli  other.  Oamogenesis,  then,  ia  a  means  of 
turning  to  positive  advantage,  the  individual  differentiations 
which,  in  its  absence,  would  resnlt  in  positive  disadvantage. 
Wcro  it  not  that  individuals  are  ever  being  made  unlike  each 
other  by  their  unlike  conditions,  there  would  not  arise  among 
them  those  contrasts  of  molecular  constitution,  which  wo  have 
seen  to  bo  needful  for  producing  the  fertilized  genua  of  new 
individuals.  And  were  not  these  individual  differentiations 
ever  being  mutually  cancelled,  they  would  cud  in  a  fatal 
narrowness  of  adaptation. 

This  truth  wOl  be  most  clearly  seen  if  we  reduce  it  to  its 
purely  abstract  form,  thus : — Suppose  a  quite  homogeneous 
species,  placed  in  quit«  homogeneous  conditions  ;  and  suppose 
the  constitutions  of  all  its  members  in  complete  concord  with 
llieir  absolutely- uniform  and  constant  conditions;  what  must 
happen  ?  The  species,  individually  and  collectively,  is  in  a 
state  of  perfect  moving  equilibrium.  All  disturbing  forces 
Lave  been  eliminated.  There  remains  no  force  which  can,  in 
any  way,  change  the  state  of  this  moving  equilibrium  ;  either 
in  tbe  species  as  a  whole  or  in  its  members.  But  wo  have 
soi'n  (Firet  Principles,  %  133)  that  a  moving  equilibrium  is  but 
a  transition  towanls  complete  equilibration,  or  dcnlh.  The 
abacnco  of  dilferctitiul  or  un-equilibrated  forces  among  the 
members  of  a  species,  is  the  absonco  of  all  forces  that 
cause  changes  in  tho  conditions  of  its  members — is  the  u1 
sence  of  all  forces  which  can  initiate  new  organisms.  To  sa] 
OS  above,  that  complete  molecular  homogeneity  existin) 
among  the  members  of  a  species,  must  render  impossible  that 
mutual  molecular  disturbance  which  constitutes  fertilization, 
ia  but  another  way  of  saying,  that  the  actions  and  re-actions 
of  each  organism,  being  in  perfect  balance  with  the  actions 
and  re-actions  of  the  environment  upon  it,  there  remains  in 
each  organism,  no  force  by  which  it  differs  from  auy  ol 
—no  force  which  any  other  does  not  meet  with  an  exaol 


the 
lingi^^ 


I 


THK  INDCCTIONS   OP    BIOLOGY. 

eqaal  force — no  force  which  can  set  up  a   new  evoJCl 
among  the  aniu  of  any  other. 

And  BO  we  reach  the  remarkable  conclusion,  tbat  the  life  of 
a  species,  like  the  life  of  an  individual,  is  maintained  by  the 
unequal  nnd  ever-varying  actions  of  inctdont-^orccs  on  it* 
different  parts.  An  individual  homogeneous  throughout,  and 
having  iu  substance  everywhere  continuously  subject  to  like 
actions,  could  undergo  none  of  those  cbangea  which  Ufo  con- 
sist of ;  and  similarly,  an  absolutely-uniform  species,  having  iJI 
its  memlwrs  exposed  to  identical  influences,  would  be  deprived 
of  that  initiator  of  change  which  maintains  its  existence  aa 
a  species.  Just  as,  in  each  organism,  incident  forces  constmitly 
produce  divergences  from  the  mean  state  in  various  directiooa, 
which  are  constantly  balanced  by  opposite  divergences  indi- 
rectly produced  by  other  incident  forces;  and  just  as  the 
combination  of  rhythmical  functions  thus  maintained,  consti- 


^_  tut«8  the  Ufo  of  the  organism ;  so,  in  a  species,  there  is,  throo^^^^J 
^B  gamogenesis,  a  porpotual  neutralization  of  those  contrary  dj^^^H 
^B  viatioDS  from  the  mean  state,  which  arc  caused  in  its  differe^^^^^ 
_  parts  by  diiferoat  seta  of  incident  forces  ;  and  it  is  aimilari^^^^B 

by  the  rhythmical  production  and  compensation  of  these  coti- 
trary  deviations,  that  the  species  continues  to  live.     The 

tmoinng  equilibrium  in  a  species,  like  the  moving  oquilibrium 
in  an  individual,  would  rapidly  end  in  complete  equilibration, 
or  death,  were  not  its  continually-dissipated  forced  continually 
re-supplied  from  without.  Besides  owing  to  the  external 
world,  those  energies  which,  from  moment  to  momenl,  keep 
up  the  lives  of  its  individual  members ;  every  apcciea  owes 
to  certain  more  indirect  actions  of  t^e  external  world,  thow 
entirgice  which  enable  it  to  perpetuate  itaolf  in  succeesivt 
generation}. 

g  y7.  What  evidenoo  still  remains,  may  bo  couveuicnlly 
woTenupolong  with  a  recapitulation  of  the  argument  pursued 
through  the  last  throe  chapiters.   Lot  us  contemplate  the  fid 
in  their  synthetic  order. 


Tnat  compounding  and  rc-compounding  through  which  wa 
«  from  the  simplest  inorganic  Bubstances  to  the  most 
picx  organic  substancea,  has  several  concomitants.  Each 
aucceaaive  stage  of  composition,  present*  us  witb  atoms  that  are 
Bcverally  larger  or  more  integrated,  that  are  severally  more 
heterogeneous,  that  are  severally  more  unstable,  and  that  are 
more  numerous  in  their  kinds  (First  Principles,  §  111).  And 
when  we  come  to  the  substances  of  which  living  bodies  are 
formed,  we  find  ourselves  among  multiplied,  divergent  groups 
and  Hub-groups  of  compounds,  the  units  of  which  are  large, 
heterogeneous,  and  unstable,  in  high  degrees.  There  is  no 
reason  to  assume  that  this  process  ends  with  the  formation  of 
those  complex  colloids  which  characterize  organic  matter.  A 
more  probable  assumption  is,  that  out  of  the  complex  colloidal 
atoms,  there  are  evolved,  by  a  still  further  integration,  atoms 
that  are  still  more  heterogeneous,  and  of  kinds  that  are  still 
more  multitudinous.  What  must  be  their  properties  ?  Al- 
ready the  colloidal  atoms  are  extremely  unstable — capable 
of  being  variously  modified  in  their  characters  by  very  slight 
incident  forces  ;  and  already  the  complexity  of  their  polarities 
prevents  them  from  readily  falling  into  those  positions  of 
polar  equilibrium  which  result  in  crystallization.  Now  the 
organic  atoms  composed  of  these  colloidal  atoms,  must  be  simi- 
larly characterized  in  far  higher  degrees.  Far  more  numerous 
must  be  the  minute  changes  that  can  be  wrought  in  them  by 
minute  external  forces ;  far  moro  free  must  they  remain 
long  time  to  obey  forces  tending  to  re-diatributo  them  ; 
far  greater  must  be  the  number  of  their  kinds. 

Setting  out  with  these  phj-siological  luiits,  the  existence 
which  various  organic  phenomena  compel  us  to  recognize,  ai 
the  production  of  which  the  general  law  of  Evolution  th 
leads  us  to  anticipate ;  we  get  an  Insight  into  the  pheuomooa 
of  Oenesifi,  Heredity,  and  Variation.   If  each  organism  is  built 
of  certain  of  thceo  highly-plastic  units  peculiar  to  ita  species 
—units  which  slowly  work  towards  an  equilibrium  of 
complex  polarities,  in  producing  an  aggregate  of  the  apecil 
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■tructorc,  and  which  are  at  the  aamo  lime  slowly  modi6i 
by  the  ro-actlons  of  this  aggregate — we  see  why  the  mal 
tipUcation  of  organiams  procoeda  in  the  several  ways,  and 
with  the  Tarioua  results,  which  naturalisla  have  observed. 

Heredity,  as  shown  not  only  in  the  repetition  of  the  spocifio 
structure,  but  in  the  repetition  of  ancestral  deviation*  from  it, 
becomes  a  matter  of  couree  ;  and  it  falls  into  unison  wiUi  ibe 
fact  that,  in  various  simple  organisms,  lost  partd  can  bo  n>- 
plnced,  and  that,  in  still  simpler  organisms,  a  fragment  can 
develop  into  a  whole. 

While  an  aggregate  of  physiological  units  continnea  to 
grow,  by  tbo  assimilation  of  matter  which  it  moulds  into 
other  nniU  of  like  type  ;  and  while  it  continues  to  undergo 
changes  of  structure ;  no  equilibrium  can  be  arrived  at  between 
the  whole  and  its  parts.  Under  these  conditions,  then,  an 
nn-diSbrentiatod  portion  of  tbo  aggregate — a  group  of  phy- 
siological uniu  not  bound  up  into  a  specialized  tiuue — will 
be  able  to  arrange  itself  into  the  structure  peculiar  to  the 
species  i  and  will  so  urrange  itself,  if  ireod  from  controlling 
forces,  and  placed  in  fit  conditions  of  nutrition  and  tompor- 
ature.  Jlenco  the  continuanco  of  agamogonesis  in  little- ditfer- 
entiatcd  organisms,  so  long  as  assimilation  continues  to  bu 
gn-ntly  in  excess  of  expenditure. 

But  let  growth  be  checked  and  development  appnutch  its 
oomplotion — let  the  units  of  the  aggregate  be  severally  exposed 
to  an  almost  constant  distribution  of  forces  ;  and  they  moat 
begin  to  equilibrate  themselvea.  Arranged  as  they  will 
gradually  be,  into  compumtivi'ly  stable  altitudes  in  ndation 
to  each  other,  their  mobility  will  diminish ;  and  groups  of 
tluun,  partially  or  wholly  detached,  will  no  longer  reudily  ro- 
mrmuge  themselves  into  tho  spocitic  form.  Agamogoncais  Kriil 
be  DO  longer  possible ;  or,  if  poasthle,  will  be  no  lunger  easy. 

When  we  remember  that  the  force  which  keeps  the  Earth 
h  its  orbit,  is  the  gruvitution  of  each  particle  in  the  Earth 
towards  every  one  of  the  group  of  partitlta  ciist  iiig  91,U00,CH)0 
of  miles  off;  we  cannot  reaaonably  doubt,  that  each  unit  in 
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ha  oi^uiiism,  acta,  by  Its  polar  forces,  on  all  the  other  imita^f 
and  is  re-aot«d  on  by  them,      ^^^len,  too,  we  learn  that  i 
gluss  has  its  molecular  constitution  changed  by  light,  and 
that  aubatances  so  rigid  and  stable  a«  metals,   have  their 
atoms  re-arrunged   by   forces   radiated   in   the  dark  from 
adjacent  objects;    we  are  obliged  to  conclude  that  the  ex- 
cessively-unstable unitA  of  which  organisms  are  built,  must  bo 
sensitive  in  a  traneceudont  degree,  to  all  the  forces  pervading 
the  organisms  composed  of  them — must  be  tending  ever  tgJ 
rc-adjuat,  not  only  their  relative  positions,  but  their  moleculaa 
structures,  into  equilibrium  with  these  forces.     Hence,  if  ag^l 
gregates  of  the  same  species  are  differently  conditioned,  and 
redact  differently  on  their  component  units,  their  component 
units  will  be  rendered  somewhat  different ;   and  they  will 
become  the  more  different  the  more  widely  the  re-actioniJ 
of  the  aggregates  upon  them  differ,  and  the  greater  the  num-,1 
bcr  of  generations  through  which  these  different  re-actions  ait 
the  aggregates  upon  them  are  continued. 

If,  then,  nnlikenesses  of  function  among  IndiTidnals  of  the 
same  species,  produce  uulikenesses  between  the  physiological 
units  of  one  individual  and  those  of  another ;  it  becomes  com  J 
prehensiblo  that  when  groups  of  units  derived  from  two  indi  M 
viduuls  are  united,  the  group  formed  will  be  more  unstabl*  I 
than  either  of  the  groups  was  before  their  union ;  the  mixed 
units  will  he  le^  able  to  resist  those  re- distributing  forced 
which  cause  ovolutiou ;  and  may  so  have  restored  to  thenif  _ 
the  capacity  for  development  which  they  had  lost.  J 

This  view  harmoni^ea  with  the  conclusion  which  we  saiM 
reason  to  draw,  thut  fertilisation  does  not  depend  on  anjfl 
intrinsjo  peculiarities  of  sperm-cells  and  germ-cells ;    bnifl 
depends  on  their  derivation  from  different  individuals.     Ijfl 
expLiins  the  fact  that   nearly -related    indiWduals    are   leagM 
likely  to  have  olfspring  than  others  ;  and  that  their  ofispring, 
nhen  thoy  have  them,  are  frequently  feeble.     And  it  gives 
us  a  key  to  the  convert  fact,  that  the  crossing  of  varietiei 
rceultd  in  unusual  fertility  and  vigour.  J 
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Bearing  in  mind  that  iho  slightly-different  orders  of  pliy* 
biological  units  wliich  an  organistn  inherits  from  ita  parents, 
are  Hubjcct  to  the  same  sot  of  forces ;  aod  that  when  tha 
orgiiuism  is  fully  developed,  this  set  of  forces,  becoming  oon- 
stHiit,  tends  slowly  to  re-mould  the  two  orders  of  pniu  into 
the  snme  form  ;  we  see  how  it  happona  that  siJf-fertilixution 
hucomes  iinpoeaiblo  in  the  higher  organisms,  while  it  remaiiia 
possible  in  the  lower  organisms.  In  long-lived  creatures  that 
have  t^jlerahly-defiDito  limits  of  growth,  this  asalmilntioii  of 
the  somewhat- unlike  physiological  units,  id  liable  to  go  cm  to 
an  appreciable  extent ;  whereas  in  organisms  which  do  not 
continuously  subjnct  their  component  miils  to  constant  forc«e, 
there  will  be  much  less  of  this  assimilation.  And  where  tho 
nssimilation  is  not  considerable,  the  segregation  of  mixed 
anils,  may  cause  the  spcrrn-cells  and  germ-cells  developed  in 
the  same  individual,  to  be  suiBcicntly  different  to  produce,  by 
their  union,  fertile  germs  ;  and  several  gGneratiotis  nf  self- 
fertilizing  descendants  may  succeed  one  another,  before  the 
two  orders  of  units  have  had  their  unlikenesses  so  far  diminish- 
ed, tliat  they  will  no  longer  do  this.  Tho  s&roe  principles 
explain  for  ns  the  variable  results  of  union  between  nearly- 
related  orgimisms.  According  to  the  contrasts  among  tho 
phyaiologicul  nnits  tlioy  inherit  from  parents  and  unnutore ; 
occording  to  the  unlike  proportions  of  the  contrasted  onita 
which  they  severally  inherit ;  and  according  to  the  degrees 
of  segregation  of  such  units  iu  different  sperm-cell*  aud 
germ-cells  ;  it  may  happen  (hat  two  kindred  individuals  will 
produce  tho  ordinary  number  uf  olfxpring,  or  will  produce 
none  ;  or  will  at  one  time  bo  fertile  and  at  another  not ;  or 
will  st  one  time  have  oSspring  of  tolerable  strength,  and  at 
another  time  fm^ble  offspring. 

To  tho  like  caiucs  arc  also  ascribuble  tho  phenomena  of 
Variation.  Thmc  are  unobtrusive  while  tho  tolerably -utii. 
ibrm  conditions  of  a  s)x-(;iu>  maiutuin  tolenible  uniformity 
omuug  the  phyaiolngieal  units  of  its  memliera ;  but  they 
become  ublniAive  when   difibrouces  of  conditions,  entailing 
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considerable  fimctional  diSeronceB,  have  entailed  decided  dif- 
ferences among  the  physiological  unite ;  and  when  the  differ- 
eut  physiological  units,  differently  mingled  in  every  iudividai 
come  to  be  variously  segregated  and  variously  combined. 

Did  space  permit,  it  might  be  shovn  that  this  bypotbesis 
is  a  key  to  many  further  facta — to  the  fact  that  mixed  rocea 
arc  comparatively  plastic  under  new  conditions ;  to  the  fact 
that  pure  races  show  predominant  influences  when  crossed 
with  mixed  races ;  to  the  fact  that  while  mixed  breeds  are 
often  of  larger  growth,  pure  breeds  are  the  more  hardy — 
have  functions  less-easily  thrown  out  of  balance.  But  with- 
out further  argument,  it  will,  I  think,  be  admitted,  that  tho 
power  of  this  hypothesis  to  explain  so  many  phenomena,  and 
to  bring  under  a  common  bond  phenomena  that  seem  so  little 
allied,  is  strong  evidence  of  its  truth.  And  such  evidence 
gains  greatly  io  strength  on  observing  that  this  hypothesis 
brin^  the  facta  of  Genesis,  lleredity,  and  Variation  into  har-, 
mony  iriih  first  principles.  When  we  see  that  these  pli 
physiological  units,  which  we  find  ourselves  obliged  to  assi 
are  just  such  more  integrated,  more  heterogeneousj  more  un- 
stable, and  more  multiform  atoms,  as  would  result  from  con- 
tinuanceof  the  steps  through  which  organicmatter  is  reached — 
when  we  see  that  the  differentiations  of  them  assumed  to  oc- 
cur in  differently- conditioned  aggregates,  and  the  equilibra- 
tions of  them  assumed  to  occur  in  aggregates  which  maintain 
constant  conditions,  are  but  corollaries  from  those  universal 
principles  .implied  by  the  persJatonco  of  force — when  we  see 
that  the  maintenance  of  life  in  the  successive  generations  of  a 
species,  becomes  a  consequence  of  the  continual  incidence  of 
new  forces  on  the  species,  to  replace  the  forces  that  are  ever 
buing  rhythmically  equilibrated  in  the  propagation  of  the 
■pecios — and  when  we  thus  aea  that  these  apjareotly-escep- 
tionul  phenomena  displayed  in  the  multiplication  of  organic 
beings,  full  into  their  places  as  results  of  the  general  laws  of 
Evolution  ;  we  have  weighty  reasons  for  entertaining 
hypothesis  which  affords  us  this  interpretation. 
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f  98.  That  orderly  arnuigeinent  of  objects  colled  CkMi> 
Gcation,  has  two  purposes ;  wliich,  though  not  abso1ul<-ly  ili«- 
tinct,  are  djatinct  tn  groat  part.  It  may  be  employed  to 
faoilitate  identification  ;  or  it  may  be  employed  to  organize 
our  knowledge.  If  a  librarian  places  his  books  in  tbe  ulpha- 
betical  aucceflsion  of  the  author's  names,  he  places  them 
such  way  that  any  particular  book  may  easily  be  found ; 
not  in  auch  way  that  books  of  a  given  nature  stand  to( 
When,  conversely,  ho  makes  a  distribution  of  books 
ing  to  their  aubjocta,  he  neglects  various  superficial  t 
tiofl  and  distinctious,  and  groups  them  according  to  cei 
primary  and  secondary  and  tertiary  attributed,  which  m>< 
ally  imply  many  other  altribulea — groups  them  so  that 
one  volume  being  inspected,  the  general  characters  of  alt 
neighbouring  volumes  may  be  inferred.  Ho  puis  togctlur 
in  one  great  division,  all  works  on  History;  in  another  all 
Biogntphioul  works ;  in  another  all  works  that  treat  of 
Science  ;  in  another  Voyages  and  Travels ;  and  so  on.  Each 
of  hia  groat  groupa  he  separates  into  sub-groups ;  as  when 
hf.  puts  ditfereut  kinds  of  pure  Literature,  under  the  heiuia 
of  Fictiiiii,  Poetry,  and  the  Drama.  In  some  cosw  ho 
makes  sub-sub- gn)u]iti ;  as  when,  having  divided  his  SciontiAo 
treatises  into  abstract  and  concrete,  putting  in  the  one  hofp^ 
and  Mnlhi'tnutics,  nnd  in  the  other  I'liyiULS,  Aiilronomy,  ' 
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ology.  Chemistry,  Phyaiology,  &c. ;  ho  goes  on  to  aub-di%'ide 
his  books  on  Physics,  into  those  whiuh  treat  of  Mechaniot 
Motion,  thoae  which  treat  of  ilc&t,  those  which  treat  o. 
of  Electricity,  of  Magnetism. 

Between  these  two  modes  of  classification,  note  the  € 
tial  distinctions.  Arrangement  according  to  any  siogle  con. 
epicuous  attribute  is  comparatively  easy,  and  is  the  first  thjit 
suggests  itself:  a  child  miiy  place  books  in  the  order  of  their 
sizes,  or  according  to  the  styles  of  their  bindings.  But  ar- 
rangement  according  to  combinations  of  attributes,  which, 
though  fundamental,  are  not  conspicuous,  requires  analysis; 
and  docs  not  suggest  itself  till  analysis  has  made  some  pro- 
gress.  Even  when  aided  by  the  information  which  the  author 
gives  on  his  title  page,  it  requires  considerable  knowledge  to 
clasaify  rightly  An  essay  on  Polarization ;  and  in  the  absence 
of  a  title  page,  it  requires  much  more  knowledge.  Again, 
classification  by  a  single  attribute,  which  the  objects  .possess 
in  different  degrees,  may  be  more  or  leas  serial,  or  linear. 
Books  may  be  put  in  the  order  of  their  dates,  in  single  file  ; 
or  if  they  are  grouped  as  works  in  one  voluroe,  works  in  two 
volumes,  works  in  three  volumes,  &c.,  the  groups  may  be 
placed  in  an  ascending  sDccoasion.  But  groups  severally 
formed  of  things  distinguished  by  some  common  attribute 
which  implies  many  other  attributes,  do  not  admit  of  serial 
arrangement.  You  cannot  rationally  say,  either  that  His- 
toricid  Works  should  come  before  Scientitic  Works,  or  Sciei 
tific  Works  before  Historical  Works ;  nor  of  the  sub-divj 
eions  of  creative  Literature,  into  Fiction,  Poetry,  and  1 
Drama,  can  you  give  a  good  reason  why  any  one  should  U 
precedence  of  the  others. 

Hence  this  grouping  of  tlie  like  and  separation  of  the  o 
like,  which  constitutes  Classification,  can  reach  its  complet 
form  only  by  slow  steps.  We  saw  (Firsl  Principki,  §  36) 
that,  other  things  equal,  the  relations  among  phenomena  are 
recognized  in  the  order  of  their  conspicuousuess ;  and  tliM| 
Diner  things  equal,  they  aro  reoogniied  in  ih«  order  of  t 
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8imp1idty.  The  first  ciassiBcittiuns  are  auro,  thereforo,  to  be 
groupJDgs  cif  objects  tLat  rcscmblo  each  other  in  oxtenul  or 
eusily-perceivcd  attributes,  and  attributes  tbat  are  not  of  ixnn- 
pU-x  cburacters.  Thoeo  likenesses  among  things  which  are 
duo  to  their  poesoBsioa  in  common  of  simple  obvious  propertiea, 
miiy  or  may  not  coexist  with  further  likenesses  among  them. 
When  geometrical  figures  are  classed  as  curvilinear  and 
TL-ctilinear,  or  when  the  rectilinear  are  divided  into  trilateral, 
quadrilat4?ral,  &c.,  the  distinctions  made,  connote  Turiotu 
other  distinctions,  with  which  they  are  ncccBHarily  bound 
up ;  but  if  liquids  be  clusscd  according  to  their  visible  cha- 
racters— if  water,  alcohol,  Bulphurct  of  carbon,  &c.,  ba 
grouped  as  colourless  and  transparent,  we  have  things  placed 
together  which  zre  unlike  in  their  essential  natures.  Thue, 
where  tlie  objects  classed  Imve  numerous  attributes,  the  pro- 
babilities arc,  that  the  early  classifications,  based  on  eimple 
and  uianifest  Bttribut«8,  nnite  nnder  the  same  head  many 
objects  that  have  no  resemblances  in  the  majority  of  tlicir 
attributes.  As  the  knowledge  of  objects  increases,  it  be- 
comes  possible  to  make  groups  of  which  the  nieinben  hare 
more  nameroua  properties  in  common  ;  and  to  ascertain  vfaat 
property,  or  combination  of  properties,  is  most  cbaracteristio 
of  each  group.  And  the  classification  eventually  arrived  at, 
is  one  in  which  the  segregation  has  been  carried  so  fiir,  that 
the  objects  integrated  in  each  group  have  more  attributes  in 
common  with  one  another,  than  they  have  in  common  with 
any  excluded  objects ;  one  in  which  the  groups  of  such  groupa 
ore  integrated  on  the  same  principle ;  and  one  in  which  tfatt 
degrees  of  differentiation  and  integration  are  proportioned  to 
the  degrees  of  intriosic  unlikeness  and  likeness.  And  the 
ulltniale  classification,  while  it  sorvefl  most  completely  lo 
identify  the  things,  serves  also  to  express  the  greatest  amount 
of  knowledge  concerning  the  things — enables  ns  Ui  predicate 
the  greatest  numlier  of  factjt  cuneeming  itach  thing ;  and  fay 
■o  rioing  proves  that  it  expresses  the  most  precise  OOrr»> 
•poiidttiice  between  our  conccptiuns  and  tlio  realities. 
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S  90.  Biological  classifications  illustrate  well  these  phases,  J 
through  which  clasaificationa  in  geucral  necessarily  pass,  I 
In  early  attempts  to  arrange  organic  beings  in  some  sys-  j 
tcmatic  manner,  we  ace  at  first,  a  g-uidunce  by  conspicuous  I 
and  simple  characters,  and  a  tendency  towards  arrangement  I 
in  linear  order.  In  successively  later  attempts,  we  see  i 
more  regard  paid  to  combinatiouB  of  characters  which  are  | 
essential  but  olWn  inconspicuous ;  and  a  gTadoal  abandon*  i 
ment  of  a  linear  arrangement  for  an  arrangement  iQ  dt>J 
rergent  groups  and  re-divergent  sub-groups. 

In  the  popular  mind,  plants  are  still  classed  under  thej 
heads  of  Trees,  Shrubs,  and  Herbs  ;  and  this  serial  classitig^f 
occurding  to  the  single  attribute  of  magnitude,  swayed  Ihel 
earliest  observers.    They  would  have  thought  it  absurd  to  I 
L-xU  a  bambo'),  thirty  feot  high,  a  kind  of  grass  ;  and  would^l 
have  been  incredulous  if  told  that  the  Hort's-tongue  should! 
bo  placed  in  the  same  great  division  with  the  Tree-fcma. 
Tho  zoologiool  classifications  that  were  current  before  Na- 
tural History  became  a  science,  had  divisions  similarly  super- 
ficial and  simple.  Beasts,  Birds,  Fishes,  and  Creeping- things, 
are  names  of  groups  marked  off  from  one  another  by  con- 
spicuous differences  of  appearance  and  modes  of  life — crea- 
tures that  walk  and  run,  creatures  that  fly,  creatures  that  li 
in  the  water,  creatures  that  crawL     And  these  groups  were 
tiiougbt  of  in  the  order  of  their  importance. 

The  first  arrangements  made  by  naturalists  were  1 
either  on  single  characters,  or  on  very  simple  comhinai.ians 
of  characters.  Describing  plant-classifications,  Lindley 
says:  —  "  Rivinua  invented,  in  1690,  a  system  depend- j 
ing  upon  the  formation  of  the  corolla ;  Kamel,  in  J 
upon  the  fruit  alone ;  Mag^ol,  in  1720,  on  the  calyx  ond^ 
corolla;  and  linally,  I^innosus,  in  1731,  on  variations  in  the 
stamens  and  piatiL"  In  this  last  system,  which  has  been  for 
long  current  as  a  means  of  identification,  simple  external 
attributes  aro  still  depended  on ;  and  an  arrangement,  t 
great  measuie  serial,  is  based  on  the  degrees  'm  which  tb« 


3  baaed 


I  •"  longci 

I^H^  attributes 
^^M  great  mea 
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Bitributes  are  posaessed.     In  1703,  aome  tliirty  ytMtt  befora 

the  time  of  Linnatus,  our  cotmuymtui  Bay  had  &ki>tohed  thtt 

outlines  of  a,  more  advanced  oystem.     He  said  that — 

riante  are  either 

Flowerless,  or 

Flowering ;  and  theeo  are 

Dicotyledonea,  or 

Monocotyledonee. 

Among  the  minor  groups  which  he    placed  under   ihema 

general  heads,  "  were   Fungi,   Mosses,   Ferns,  Composites, 

Pichoraceee  Umbellifers,  Papilionaceous  plants.  Conifers,  La- 

I,  &c.,  nnder  other  names,  but  with  limits  not  very  dif- 

mt  from  those  now  assigned  to  them."     Being  mocb  in 

C^fdvance  of  his  age,  Ray's  ideas  remained  dormant  ontil  tlie 

time  of  Jussieu ;  by  whom  they  were  developed  into  what 

has  become  known  as  the  Natural  System.     Faseing  through 

various  modificationa  in  the  bands  of  succcsaivo  botanists, 

the  Natural  System  bos  now  taken  the  following  form  ;  which 

I    copy    (adding   the  alliances    to    the    classes]    from    ProL 

Lindley's  Vegetable  Kingdom* 


■  Frmn  thi*  Ubli  I  ba*i  omitted  tlie  cUu  AtiMfflw,  vhich  other  b 
do  not  ngrw  with  Liadlej'  in  rcgitdiog  u  i  trpinio  clui.  The  pUnti  lupM 
lug  which  thrn  hat  anten  thii  differaniM  of  opinion,  ara  sorlain  ftiiMMIH 
plant*,  which  grow  paiuJticaU;  on  tbs  roou  il  traa.  The  raBOW  MWgStJ  to 
Kodlichcr  and  Undley,  for  eracting  tbcm  into  ■  Mpinta  group  tt  PtMRMfM^ 
•tv,  thai  in  plica  of  tni*  l«aT«s  tboy  hare  onlj  oollular  oealM ;  that  tha  Mm  is 
B  loioTphaui  foDgoiu  man,  imperrectl;  (upplied  with  apinl  Toatlt;  SBS  BM 
"qr  are  witboiit  chlarophfU.  Mi  QrilEth  and  Dr  Ilooker.  bawvnr,  bar*  (i*** 
DdpraiinB  reuoni  why  tbq>  ihonid  be  raiored  to  the  dm  Exogeak  b 
w  hen  worth  rumarldng,  that  cfrtain  aoah)fieal  Aula  auggeat  m  gplanatins 
nf  Ibaaa  aDoinalaui  boluiicitl  facta;  and  eanBnn  lbs  cupclniitiii  rcorlwd  br  Dr 
Hooker  and  Mr  Qriffllh.  It  leiy  caminanlj  Uappciu  thai  onimiil-paraaila  an 
abemat  hnu  uf  lb*  trpai  to  which  Ihcjr  belong;  and,  bj  aiiaI"K]r,  wa  rasjr  sot 
UteaaoaabljT  eip<<^  to  find  amoDf  pandtie  plant*,  the  mml  abrnmnt  fiKS>  at 
tacftat  tjpoi.  More  than  Ihii  ii  Inie.  The  kind  oC  abuiratinD  which  wo  MS  b  ths 
•so  eaae.  wo  •«  in  ibr  ulhor ;  and  in  buth  oaMa,  tha  mcaaing  of  the  ahanallaa  is 
wuuTaat.  In  nich  l/wid  a*  Uio  /.fnMa,  tba  CnutiuTBD  tjp«  i*  diagntaad  by  lbs 
•laMt  anbra  loa  nf  th*  limb*  aod  ornniw  of  wim,  bj  tlia  ainplilealioa  of  Um 
4<ce>lin  >ipaTaliu,  and  hj  tbi  freal  detclopiwnt  of  Iht  rrrprvdaatSn  sMtWi 
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L  TaAUoeBss  i  Fuiigaioi 


Jmxual,  orFlowerUm  FkmU, 
fkfsam  nd  leares  undiiitiTigmBluible 

Stems  and  leares  distmgxiiBhable 

Sexual,  or  Flowering  Plants. 


IL  AesooxHS 


iLichenaica 

{Mufloales 
LyoopodaM 
KUoalM 


Wood  of  stem  youngest  in  centre ; 
cotyledon  single. 

Leaves  parallel-Teiiied,  pemument ; 
wooa  oonAued 


nL  BvDoexBS 


Leares  nei-rdned,  deddnoos: 
wood,  when  perennial,  arTangea 
in  a  cirole  with  a  oentnl  pUE       lY.  DlOTTOexHS.' 

Wood  of  stem  youngest  at  cireom- 
ference,  always  concentric ;  coty- 
ledons two  or  more. 


''Olomaks 
Aralea 
Palmales 
Hydrates 
Naieiasales 
Amomales 
Orchidales 
Xyridales 
Juncales 
Liliales 
.Alismalni 


Seeds  quite  naked 


y.  GTiuiooxn. 

nXdinona 


Meeds  enclosed  in  seed- 


TL  Bxoanra 


Hypogynons 


^Spl^gmoQS 


rAmaitales 
JUrticaks 
I  BaphoH>iaIes 
V.    AcAa 
fViolaleB 
JCistales 

{Fiooidales 
Daphnales 
Bosales 

rCampanales 
J  Myrtales 
ICactales 
^    A&A& 


Here,  linear  arrangement  lias  disappeared:  there  is  a 
breaking  up  into  groups  and  sub-groups  and  sub-sub-groupe, 
which  do  not  admit  of  being  placed  in  serial  order,  but  only 
in  divergent  and  re-divergent  order.  Were  there  space  tb 
exhibit  the  way  in  which  the  Alliances  are  subdivided  into 
Orders,  and  these  into  Genera,  and  these  into  Species ;  the 

the  parts  no  longer  needed,  abort,  and  those  parts  derelop  which  farour  the 
preserration  of  the  race.  Similarly  in  the  Mkizogem,  the  abortiTe  derelopment 
of  the  leares.  the  absence  of  chloropnyll,  and  the  imperfect  supply  of  spiral 
ressels,  are  changes  towards  a  structure  fit  for  a  plant  which  Hres  on  the  juices 
absorbed  firom  another  plant;  while  the  rapid  and  great  derdopment  of  the 
fructifying  organs,  are  correUtire  changes  adrantageous  to  a  plant,  the  seeds  of 
which  hare  but  small  chances  of  rooting  themselres.  And  just  the  same  reason 
that  exists  for  the  production  of  immensely  numerous  but  extremely  small  eggs 
by  JBHtotoa,  exists  for  the  production  by  JSAtMycns,  of  seeds  that  uiv  great  ib 
ftumber  and  almost  ^re-like  in  ^le. 
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esmo  principle  of  co-ordination  would  be  still  furtlicr  mitnt- 
feeted.  Oa  atudying  the  definitions  of  these  primary,  »»>- 
condary,  ^d  tertiary  claesos,  it  will  be  found  that  tho 
largest  are  marked  off  from  each  other  by  some  attribute 
which  connotes  sundry  other  attributes ;  that  each  of  the 
emaller  classes  comprehended  in  one  of  these  largest  c 
ia  marked  off  in  a  similar  way  from  the  stnallor  i 
bovuid  np  with  it ;  and  that  so,  each  succesairely  t 
class,  has  an  increased  number  of  co-existing  attributes. 

§  100.  Zoological  classification  has  had  a  parallel  history. 
The  first  attempt  which  we  need  notice,  to  arrango  foimalt 
in  such  a  way  as  to  display  their  affinities,  is  that  of  LtD- 
naaus.     Ho  grouped  them  thus ;" — 

Cu  I.  Uammalu.  Ord.  Frimalcs,  Bruti,FcTK,GlirM,  Pcoora,  BclluK, 
Cute. 

Cv.  S.  AvES.  Ord.  Accipitna,  Ficft,  Anscres,  Gr&Uit,  GoIUiub,  Fasaem. 

Ci_  3.  AKrniBU.  Ord.  Rrptitcn,  Scrpcntcs,  Nantes. 

Cl.  4.  Plscxs.  Ord.  Apodes,  Jugularca,  Tlioracici,  Abdommalw. 

Cu  5.  Ihsscti.  Onj.  Colcopteni, Hemiptcn,  Lepidoptcn,  Neara(itar% 
Diplcra,  Aplcm. 

Cl.  G.  Viuxu-  Ord.  lateetinn,  MoUntc^  Teetioe^  Litlioplijta,  Zoo- 

This  arrangement  of  clasBca,  13  obvioualy  baaod  oq  ap- 
parent gradations  of  rank;  and  the  placing  of  tho  orders 
uroilarly  betrays  an  endeavour  to  moke  snccessions,  brgin- 
ning  with  tho  must  superior  forms  and  ending  witli  Iha 
most  inferior  forms.  flThile  the  general  and  vague  idc* 
of  perfection,  delennincs  the  leading  character  of  12m 
claaaifi cation,  its  detailed  groupings  are  dctunnined  by 
tho  must  conspicuous  external  attributes.  Not  only  Lin- 
Tixva,  but  his  opponents,  who  proposed  other  systems,  wvm 
"  under  the  impression  that  animals  were  to  bo  ansnged 
tog«ther  into  claraes,  orders,  genera,  and  species,  according  to 
their  more  or  leas  cloeo  external  resemblance."  Thin  con* 
ception  survived  till   the  lime  of  Cuvicr.     "  NataraUsta," 

■  Tbii  vluiittntion,  uul  Iba  tbtES  uliicli  luUinr  n,  I  <,uou  iuund^ui(  J 
of  Ihent)  Irou  VtoL  Afini'i  "Eim 
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■ttys  Agassizy  ''were  bent  upon  establishing  one  continnal 
uniibmi  series  to  embrace  all  animals,  between  the  links  of 
which  it  was  supposed  there  were  no  unequal  intervals. 
The  watchword  of  their  school  was:  Natura  non  facit 
9aUum.     They  called  their  system  la  chaine  des  itrea** 

The  classification  of  Cuvier,  based  on  internal  organization 
instead  of  external  appearance,  was  a  great  advance.  He 
asserted  that  there  are  four  principal  formSy  or  four  general 
plans,  on  which  animals  are  constructed;  and  in  pursuance 
of  this  assertion,  he  drew  out  the  following  scheme. 

First  Branch.    Animalia  Yebtebbata 

Cl.  1.  Mammalia. 
Cl.  2.  Birds. 
Cl.  3.  Keptilla. 
Cl.  4.  Fishes. 

Second  Branch.    Animalia  MoixuflQi^ 

Cl.  1.  Cefhalapoda. 
Cl.  2.  Pteropoda. 
Cl.  3.  Oasteropoda. 
Cl.  4.  Acephala. 
Cl.  5.  Brachiopoda. 

Cl.   6.    CiRRHOPODA. 

Third  Branch.    Animalia  Articulai3A. 

Cl.  1.  Annelides. 
Cl.  2.  Crustacea. 
Cl.  3.  Arachnides. 
Cl.  4.  Insects. 

Fourth  Branch.    Animalia  Radiate* 

Cl.    1.    ECHINODERMS. 

Cl.  2.  Intestinal  Worms. 

Cl.   3.   ACALEPHiB. 

Cl.  4.  Polypi. 
Cl.  5.  Infusoria* 


300  THE    INRCCnoNB   OP  BIOLOOT. 

But  though  Cuvier  emancipated  himself  from  tho  concep- 
tion of  a  aerial  progression  throughout  tho  Animal-King- 
dom ;  sundry  of  his  contemporaries  and  successors  remninfld 
fettered  by  the  old  error.  Less  regardful  of  tho  diOercotly* 
co-ordinated  sets  of  attributes  displayed  by  the  dificnmi  mb- 
kingdoms ;  and  swayed  by  the  belief  in  a  progresaivo  deTaL]f>- 
ment,  which  was  erroneously  supposed  to  imply  the  poesibilitT 
of  arranging  animals  in  a  linear  series ;  they  porsisted  ia 
thrusting  organic  forms  into  a  quite  unnatural  order.  Tlw 
following  classification  of  Lamarck  illustrates  this. 
INVEKTEBJIATA. 


I.      AfAI-HBTIQ   ANIMALS. 


Cl. 
Cl. 
Cl. 
Cl. 

Cl. 


1.  Infusoria. 

3,  Pol-VFI. 

3.  Radiakia. 

4.  TuKlCATA. 

5.  Vermes. 


II.     Sensitive  Aniuals. 

Cl.     C.  Insecto, 
Cl.     7.  ARAL-HKiDa, 

S.   CBUffTACEA. 
9.   AXNELIDS. 
Cl_    10.    GlKBIPEDS. 
.   Cu    U.   CoSCHIFEHA. 

Cl.  12.  MoLLusKH. 


Cl. 

Cl. 


Do  not  feel,  and  move  oa^  ti; 
their  Excited  irritability.  No  lirain, 
uol  elongated  medulluy  motai  no 
tenses ;  forms  TBried ;  nrdj  uticn. 


Feel,  but  obtun  from  their  nmw 
tions  onlj  perception!  of  objtieU,  % 
sort  of  (imple  ideas,  vhicb  tboj  an 
UDablo  to  coinbiue  to  obtain  ooiuplex 
one*.  No  Tertcbral  coIoeoo  ;  a  faraja 
and  mostlj  an  elongated  innduIUij 
mus;  some  distinet  sense*;  mvdet 
attached  under  the  akin ;  fonn  tjm- 
metrical,  the  parts  being  in  pasta. 


VEKTEBRATA. 

Fool ;  acquire  prcserrnble  iilcia; 
ISTELUORNT  AniUAIA  1  perform   Willi   them   operatiana  hf 
whii'h  (lie;  obtain  otlirrB ;  are  iatd- 
ligent  in  diffrrent  degrees.    A  rcr- 
y  ti-'bral  oolnmn ;  a  brain  sad  a  spinal 

JuuuTow  1  diatinct  sense*;  tho  mua- 
clcs  BltorJied  to  tbc  intenial  afcal**-' 
tim  ;   funn   sjmmotrica^  tha  i 
beiiiK  b  pail*. 


Cl.  13.  FisTtEK. 
Ci„  14.  IlBn^iLBa. 
Cu  16.  Bi«i«. 
Cl.  16.  Mammaua 
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Paasing  oyer  sundry  dassificatioiiB  in  which  the  serial 
arrangement  dictated  by  the  notion  of  ascending  complexity, 
is  yariously  modified  by  the  recognition  of  conspicuous 
anatomical  facts,  we  come  to  the  classifications  which  recogifize 
another  order  of  facts — those  of  development.  The  embryo- 
logical  inquiries  of  Yon  Baer,  led  him  to  arrange  animals  as 
follows : — 

I.  Peripheric  Type.  (Badiata.)  Eoolutio  radiata.  The 
development  proceeds  from  a  centre,  producing 
identical  parts  in  a  radiating  order. 
II.  Massive  Type.  (Molltjsca.)  Evolutio  contorta.  The 
development  produces  identical  parts  curved  around 
a  conical  or  other  space. 

III.  Longitudinal  Type.  (Articulata.)  Evolutio  gemina. 
The  development  produces  identical  parts  arising  on 
both  sides  of  an  axis,  and  dosing  up  along  a  line 
opposite  the  axis. 

lY.  Doubly  Symmetrical  type.  (Yertebbata.)  Evolutio 
bigemina.  The  development  produces  identical 
parts  arising  on  both  sides  of  an  axis,  growing  up- 
wards and  downwards,  and  shutting  up  along  two 
lines,  so  that  the  inner  layer  of  the  germ  is  inclosed 
below,  and  the  upper  layer  above.  The  embryos  of 
these  animals  have  a  dorsal  cord,  dorsal  plates,  and 
ventral  plates,  a  nervous  tube  and  branchial  fissures. 

BecognLdng  these  fundamental  differences  in  the  modes  of 
evolution,  as  answering  to  fundamental  divisions  in  the 
animal  kingdom,  Yon  Baer  shows  (among  the  Vertebrata  at 
least)  how  the  minor  differences  that  arise  at  successively 
later  stages  of  evolution,  correspond  with  the  minor  divisions. 

Like  the  modem  classification  of  plants,  the  classification 
of  animals  that  has  now  been  arrived  at,  is  one  in  which  the 
linear  order  is  completely  broken  up.  In  his  lectures  at  the 
Royal  Institution,  in  1857,  Prof.  Huxley  expressed  the  rela- 
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tioQS  exiatmg  among  the  several  gT«at  groups  of  the  amouil 
kingdom,  by  placing  these  groups  at  the  ends  of  four  or  fira 
radii,  diverging  from  a  centre.  The  diugTBin  I  cansoi 
obffiin ;  but  in  the  published  reports  of  his  lecture*  »t  tb* 
School  of  Mines  the  groups  were  arranged  thos : — 

Yektebrata 


AXXULOU 

ArttttOaU 
Ufriapoiliii 

AnnoU 


HotLUSOA 

C«p)ialap<H]ii    Heleropoilfi 
Cnilrropodii- 

( Pnlnuntitii      Gasleropodii- 

i  Pteropoda  monuwU 

LameUibrusliiata 


CotLEKTBEATl. 
HjidroiD*  AelinMOk. 

PaoTozoi 

tnfutnrid  Pnnii|ri«liB  Gni(nriiiidB 

AVri/wm,f#  FuruuiDifiis  T>nMmmnUUm 


Tntn>t(K 
Ttimiadia 


^Vhat  remnant  there  may  seem  to  be  of  linear  auooeouon 
in  some  of  those  sub-groups,  is  merely  an  accident  of  typo- 
graphical ooiiveni(!n(-<>.  Each  of  thera  ia  to  be  regarded 
simply  aa  a  cluster.  Wore  Prof.  Iluxlcy  now  to  rcriMi  this 
scheme,  he  would  probably  sp]>anito  more  complotoly  Moe  of 
tlio  great  sub-groups,  in  conformity  with  the  vicvrs  exproaed 
in  hia  Uunterian  Lectiirea  ddis-ered  at  the  Cdllego  of  Sur- 
geoni  in  1863.  And  if  ho  were  further  tit  dnvelop  tha 
arrangement,  by  dispersing  the  sub-gronpa  and  sub-aul^ 
groupa  on  the  same  principle,  thera  would  rosult  an  amn^ 


4 


OLASBDTOATroir. 


SOU 


tnent  perhaps  not  very  much  imlike  thtt  shown  in  the  an- 
nexed diagram. 


••:• 


V  E  R  T  E  B"R  ATA 
•  *  •     ^  *  *• 


PttrmjUda  .*r<)Udlyi«A 


*  •    diaeia 


MOLL  US  C  A 

\BraeAUJkcdm 

Melius  coraa 


AQmehUA^ 


ArtlcTlfata 


•  •  • 


I  Ihfyria/ieda 


I 

AN  N  l/  l-O  S^A 

JAftntlula*'^ 
i"   •  •  • 

aKtiuI  oi  d  a 

/ 


/    / 

'/ 


i  ' 


^MeidMdu\* 


•  _• 


•  •Fotympa 


/ PROtoZOA 

*  .  /  JS^tStqida      Jn/UsorU 

/  • 


CCELE  NTERATA 


In  this  diagram,  the  dots  represent  orders,  the  names  of 
whicli  it  is  impracticable  to  insert.  If  it  be  supposed  that 
when  magnified,  each  of  these  dots  resolves  itself  into  a 
cluster  of  clusters,  representing  genera  and  species,  an  ap- 
proximate idea  will  be  formed  of  the  relations  among  the 
Buccessiyely-subordinate  groups  constituting  the  animal  king- 
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dom.  BeeideB  the  Aibordinatioii  of  groapa  Bod  dieir  geoond 
distribution,  some  other  facta  arc  indicated.  By  the  distanon 
of  the  great  divisiona  from  tho  geueral  centre,  are  rudely 
symbolized  tlieir  respective  degrees  of  divergence  froiD  Um 
form  of  simple,  unditi'tirentiated  organic  matter;  vrhicli  m 
may  regard  as  their  common  source.  Within  each  groit[^ 
tho  remoteness  from  tho  local  centre  repreeents,  in  a  rough 
way,  the  degree  of  departure  from  the  general  plaa  of  th« 
group.  And  the  distribution  of  the  sub-groups  within  «aeh 
group,  is  in  most  cases  such,  that  those  which  come  o«arat 
to  neighbouring  groups,  are  those  which  show  th«  luarHt 
resembUiDces  to  them~in  their  analogies  though  not  in  their 
homologies.  No  diagram,  however,  can  give  a  correct  con- 
ception. Kyen  supposing  the  above  diagram  exprcesed  the 
relations  of  animals  (o  ouo  another  as  trflly  as  they  can  fae 
expressed  on  a  piano  surface,  (which  of  course  it  docs  not,)  it 
would  still  bo  inadoquate.  Such  relations  cannot  be  r^t9> 
sonUxl  in  space  of  two  dimensions;  but' only  in  space  of  thns 
dimensions 


§  101.  Whilo  the  classifications  of  botanists  and  zoolo{fUti 
have  became  moro  and  more  natural  in  their  arrangemonu, 
there  has  grown  up  a  certain  artificiality  iu  their  abetract 
nomenclature.  When  aggregating  the  smallest  group*  into 
larger  groups,  and  these  into  groups  still  larger,  nator- 
olitjts  adopted  certain  geueral  terms  expressive  of  tho  »nc< 
ccasively  more  comprobensive  divisions ;  and  the  habitus) 
Ufa  of  theee  t«miB,  needful  for  purposes  of  convenience,  haa 
Ud  to  the  tacit  assamptiou  that  they  answer  to  actualitive  in 
Nataro.  It  has  been  taken  for  granted  that  species,  glene^^ 
orders,  and  classes,  are  assemblages  of  definite  value*— that 
every  genua  is  tho  equivalent  of  every  other  genus,  in  respeet 
of  its  degroo  of  di«tinctnosa ;  and  that  orders  are  iM^parated 
by  lines  of  demaruution  that  aro  as  broad  in  one  place  aa 
anotlior.  Though  this  conviction  is  not  a  formulated  one^ 
yet  the  diiputea  conKnuoIly  aming  among  natonlisU  ob  th» 
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questions,  whether  sucli  and  sucli  organisms  are  specifically 
or  generically  distinct,  and  whether  this  or  that  peculiarity 
is  or  is^not  of  ordinal  importance,  imply  that-  the  conviction 
is  entertained  even  where  it  is  not  avowed.  Yet  that  dif- 
ferences of  opinion  like  these  continually  arise,  and  remain 
unsettled,  except  when  they  end  in  the  establishment  of  sub- 
species, sub-genera,  sub-orders,  and  sub-classes,  sufi&ciently 
shows  that  no  such  conviction  is  justifiable.  And  this  is 
equally  shown  by  the  impossibility  of  obtaining  any  definition 
of  the  degree  of  difference,  which  warrants  each  further  eleva- 
tion in  the  hierarchy  of  classes. 

It  is,  indeed,  a  wholly  gratuitous  assumption  that  organ- 
isms admit  of  being  placed  in  groups  of  equivalent  values ; 
and  that  these  may  be  united  into  larger  groups  that  are 
also  of  equivalent  values ;  and  so  on.  There  is  no  a  priori 
reason  for  expecting  this ;  and  there  is  no  a  posteriori  evi- 
dence implying  it,  save  that  which  begs  the  question — that 
which  asserts  one  distinction  to  be  generic  and  another  to  be 
ordinal,  because  it  is  assumed  that  such  distinctions  must  be 
either  generic  or  ordinaL  The  endeavour  to  thrust  plants 
and  animals  into  these  definite  partitions,  is  of  the  same 
nature  as  the  endeavour  to  thrust  them  into  a  linear  series. 
Not  that  it  does  violence  to  the  facts  in  anything  like  the 
same  degree ;  but  still,  it  does  violence  to  the  facts.  Doubt- 
less the  making  of  divisions  and  sub-divisions,  is  extremely 
useful ;  or  rather,  it  is  absolutely  necessary.  Doubtless,  too, 
in  reducing  the  facts  to  something  like  order,  they  must  be 
partially  distorted.  So  long  as  the  distorted  form  is  not 
mistaken  for  the  actual  fornix  no  harm  results.  But  it  is 
needful  for  us  to  remember,  that  while  our  successively 
subordinate  groups  have  a  certain  general  correspondence 
with  the  realities,  they  inevitably  give  to  the  realities  a 
regularity  which  does  not  exist. 

§  102.  A  general  truth  of  much  significance  is  exhibited 
in  these  classifications.     On  observing  the  natures  of  the 

14 
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attributes  wliicli  are  common  to  the  tuembera  of  n 
of  the  tiret,  aecocd,  third,  or  fourth  rank,  we  mo  Id 
of  the  widest  generality  are  based  on  chanicl*mlie»T>f  t 
greatest  importance,  physiologically  cousidored  ;  nnd  that  tfa« 
cbaractcristica  of  the  aucceflsivuly-aubordiiiute  groups,  aiv 
charaoteristica  of  successively-subordinate  iniportanee.  The 
etructurol  peculiarity  in  which  all  membera  of  ono  sub- 
kingdom  differ  from  all  members  of  another  sub-kingdom,  u 
a  peculiarity  that  affects  the  vital  actions  more  profuundlr, 
thnn  does  the  structural  peculiarity  which  distinguishes  all 
members  of  one  class  from  all  membofs  of  another  chus. 
Let  us  look  at  a  few  coses. 

Wo  saw  (g  -OG),  that  the  broadest  division  among  iIm 
functions  is  the  division  into  "  Uio  aeciimulation  of  font 
(latent  in  food) ;  the  ejejiendilure  of  forcf  (hit«nt  in  tho 
tissues  and  certain  roatti-'ra  absorbed  by  them) ;  and  the 
trannffr  of  farce  (latent  in  tho  prepared  nutriment  or  blood) 
from  the  parts  which  accumulate  to  tho  parts  which  expend." 
Now  the  lowest  animals,  united  under  the  general  nama 
Prvtoxoa,  arc  those  in  which  there  is  either  no  separation  of 
tho  parts  performing  these  functions  or  very  indistinct  acpar- 
atton  :  in  the  Hhuo/ioda,  all  parts  are  alike  accumulators  of 
force,  QXpondora  of  force,  and  transferrers  of  force ;  and 
though  in  tho  most  differentiated  members  of  tlie  graap,  tho 
Infugoria,  thero  uro  something  like  speiialiiuttions  coitd- 
sponding  to  theso  functions,  yet  there  are  no  distinct  tiaracM 
appropriated  to  them.  Tho  animals  known  a»  GtlcnUrrt/M 
are  charaotcriitcil  in  common  by  the  possession  of  n  part 
which  nccumulates  force  more  or  loss  marked  off  fmm  th« 
port  which  does  not  accumnlat«  force,  but  only  pxpeods  it : 
and  the  Ili/droziM  and  Adinoioa,  which  are  sub-diriuons  of 
the  Grltnterata,  are  contrasted  in  this,  that  in  .tho  ono  lhoM 
ports  aro  very  indefimtdr  distingnished,  but  tn  the  other 
definiii-ly  sejiarated,  as  woU  as  more  complioutixL  llvnidc*  ■ 
comploler  diffcrcntiaticn  of  the  organs  rc«poctiroty  devoted 
to  the  uccumulatiuu  of  force  and  the  cx])eiidittint  of  fumt 
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the  ftTiiTfuilw  classed  as  Molluseoida,  possess  rade  appliances 
for  the  transfer  of  force:  the  peri-yisceral  sac,  or  closed 
cavity  ^tween  the  intestine  and  the  walls  of  the  body, 
serves  as  a  reservoir  of  absorbed  nutriment,  from  which  the 
surrounding  tissues  take  up  the  materials  they  need.  The 
more  highly-organized  animals,  belonging  to  whichever  sub- 
kingdom,  all  of  them  possess  definitely-constructed  channels 
for  the  transfer  of  force ;  and  in  all  of  them,  the  Amotion  of 
expenditure  is  divided  between  a  directive  apparatiis  and 
an  executive  apparatus — a  nervous  system  and  a  muscular 
system.  But  these  higher  sub-kingdoms  are  clearly  separated 
from  each  other  by  differences  in  the  relative  positions  of 
their  component  sets  of  organs.  Prof.  Huxley  defines  the 
type  of  the  Vertebrata,  as  one  in  which  the  ganglionic  nervous 
system  lies  on  the  dorsal  side  of  the  alimentary  canal,  while 
the  central  vascular  system  lies  on  its  ventral  side ;  and  one 
which  is  yet  Airther  characterized  by  the  possession  of  a 
second,  and  more  conspicuous,  nervous  system,  placed  on  the 
dorsal  side  of  the  vertebral  axis — an  extra  endowment  which 
is  perhaps  the  most  essentially  distinctive.  The  types  of  the 
Annulosa  and  Mollusca^  are  together  marked  off  from  the 
vertebrate  type,  by  the  singleness  of  the  nervous  system,  and 
by  its  occupation  of  the  ventral  side  of  the  body:  the 
habitual  attitudes  of  annulose  and  molluscous  creatures,  is 
such  that  the  neural  centres  are  below  the  alimentary  canal 
and  the  haemal  centres  above.  And  while  by  these  traits  the 
annulose  and  molluscous  types  are  separated  from  the  verte- 
brate, they  are  separated  from  each  other  by  this,  that  in 
the  one  the  body  is  "composed  of  successive  segments, 
usually  provided  with  limbs,"  but  the  other,  the  body  is  not 
segmented,  ''  and  no  true  articulated  limbs  are  ever  d^- 
velojfed.'* 

The  sub-kingdoms  being  thus  distinguished  from  one  an- 
other, by  the  presence  or  absence  of  parts  devoted  to  funda- 
mental functions,  or  else  by  differences  in  the  distributions  of 
such  parts ;  we  find,  on  descending  to  the  classes,  that  these 


808  THE   INDHLTlOnS  OF    BIOLOOT. 

ore  distinguTsl'.cd  from  cncb  other,  eitlior  hy  modificatii 
the  Btructurea  of  fundamontiil  parts,  or  by  tho  prcacna 
abscnco  of  subsidiary  jjarts,  or  by  both.  Fishes  anil  j 
phibia  arc  unliko  higher  Tertebratce  in  possessing  brand 
either  throughout  Ufo  or  early  in  life.  And  ovory  hi^ 
vertebrate,  besides  haTing  lungs,  is  choruct^iriiK^  by  ha 
during  development,  an  amnion  and  an  allantoic.  JUammaU, 
dg^in,  are  marked  off  from  Birds  nod  Roptilra  by  the 
presence  of  mamma;,  as  well  as  by  the  form  of  the  oocipHal 
condyles.  Among  Mammals,  the  next  diviaioa  is  baised  aa 
the  presence  or  abscnco  of  a  placenta.  And  divieions  of  tli* 
Placetitalia  are  mainly  detormined  by  the  charactAn  of  tbe 
organs  of  exti>mal  action. 

Thus,  without  multiplying  illustrations  and  without  ie- 
ficonding  to  genera  and  species,  wo  see  that,  speaking  gotier- 
ally,  the  successively  smaller  groups,  are  distinguished  from 
one  another  by  troita  of  successively  less  importance,  physic 
logicuUy  considered.  The  attributes  possessed  in 
by  the  largest  assemblages  of  organis~ma,  are  few  in 
but  aU-esBontiol  in  kind — affect  fundn men  tally  the  i 
actions.  Each  secondary  asaomblage,  included  in  one  of  ttw 
primary  oescmblngcs,  is  charactorizod  by  further  common 
attributes  that  influence  the  functions  lew  profoundly. 
BO  on  with  each  lower  grade  of  asaembloge. 


dly.    A^l 
etradifll^ 


S  10.1.  Wliat  interpretation  is  to  be-put  on  theao  t 
classiScatton  ?  Vt'o  find  that  organic  forms  admit  of  mi 
arrangement  cvorj'whero  expressive  of  the  fact,  that  olrin); 
with  certain  attributes,  certain  other  attribuf«B,  which  are 
not  directly  connected  with  them,  always  exist.  ITnw  nra 
we  to  account  for  this  fact  P  And  how  are  we  to  account  for 
the  fuel  that  the  attributes  possessed  in  o«mni«n  by  th« 
largest  ossenibluges  of  forms,  are  the  most  vitally  •important 
attrihut*«? 

one  can  believe  llwt  cotnbinutionn  of  tliia  k 
iriseo  fortuitoualv-     Or  if  any  one  believes  ( 
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easy  to  prove  to  him  tliat  the  Ijiw  of  probabilities  negatives 
the  assumption.  Even  supposing  fortuitous  combinations  of 
attributes  might  result  in  organisms  that  would  work,  we 
should  still  be  without  a  clue  to  this  special  mode  of  com- 
bination. The  chances  would  be  infinity  to  one  against 
organisms  which  possessed  in  common  certain  fundamental 
attributes,  having  also  in  common  numerous  non-essential 
attributes. 

Ko  one,  again,  can  allege  that  such  combinations  are 
necessary,  in  the  sense  that  all  other  combinations  are  im- 
practicable. There  is  not,  in  the  nature  of  things,  any 
reason  why  creatures  covered  with  feathers  should  always 
have  beaks  :  jaws  holding  teeth  would,  in  many  cases, 
have  served  them  equally  well  or  better.  The  most  general 
characteristic  of  an  entire  sub-kingdom,  equal  in  extent 
to  the  Vertebrata^  might  have  been  the  possession  of  nicti- 
tating membranes ;  while  the  internal  organizations  through- 
out this  sub-kingdom,  might  have  been  on  many  different 

plans. 

If,  on  the  other  hand,  this  peculiar  subordination  of  attri- 
butes which  organic  forms  display,  be  ascribed  to  design,  other 
difficulties  suggest  themselves.  To  suppose  that  a  certain 
plan  of  organization  was  fixed  on  by  a  Creator,  for  each  vast 
and  varied  group,  the  members  of  which  were  to  lead  many 
different  modes  of  life  ;  and  that  he  bound  himself  to  adhere 
rigidly  to  this  plan,  Qven  in  ^he  most  aberrant  forms  of  the 
group,  where  some  other  plan  would  have  been  more  appro- 
priate ;  is  to  ascribe  a  very  strange  motive.  When  we  dis- 
cover that  the  possession  of  seven  cervical  vertebra)  is  a 
general  characteristic  of  mammals,  whether  the  neck  be  im- 
mensely long,  as  in  the  giraffe,  or  quite  rudimentary,  as  in 
the  whale ;  shall  we  say  that  though,  for  the  whale's  neck, 
one  vertebra  woidd  have  been  equally  good,  and  though,  for 
the  giraffe's  neck,  a  dozen  would  probably  have  been  better 
than  seven,  yet  sdVen  was  the  number  adhered  to  in  both 
cases,  because  seven  was  fixed  upon  for  the  mammalian  type  f 
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Axbd  thffi,  when  it  tuns  out  that  this  pooBBSBoo  of  seven 
eerrical  rertebne  ia  cot  an  abaoIixtdT-imiTenad  chjiacteristio 
of  ifitimmaT^,  shall  we  conclode  that  wUIe,  in  a  host  of  caaeiy 
there  is  a  needless  adherence  to  a  plan  for  the  sake  of 
eonsidtencT,  there  ii  Tet.  in  some  caaea.  an  incoD^utent 
ahandonEient  of  the  plan  ?  I  think  we  may  pioperlv  refuae 
to  draw  anv  such  ccwcIiBsion. 

What,  then,  ia  tiie  "^^^iing  of  theae  peenliar  relations  cl 
ofzanic  forms  i  The  answer  Co  this  qaestioo  most  be  post- 
poned. Having  here  contemplated  the  (Hroblem  as  presented 
in  these  wide  indncdons  which  natnralLsts  have  readied ;  and 
having  seen  what  proposed  solotioDS  of  it  are  inadmisable ; 
we  shall  see,  in  the  next  dividon  of  this  work,  what  k  the 
onlj  possible  solntioa. 


\ 


CHAPTER  XIL 


DISTRIBUTION. 


S  104;  There  is  a  distribution  of  organisms  in  Space,  and 
tliere  is  a  distribution  of  organisms  in  Time.  Looking  first 
at  their  distribution  in  Space,  we  observe  in  it  two  different 
classes  of  facts.  On  the  one  hand,  the  plants  and  animals  of 
each  species,  manifestly  have  their  habitats  limited  by  ex 
ternal  conditions :  they  are  necessarily  restricted  to  spaces 
in  which  their  vital  actions  can  be  performed.  On  the  other 
hand,  the  existence  of  certain  conditions  does  not  determine 
the  presence  of  organisms  that  are  the  fittest  for  them :  there 
are  many  spaces  perfectly  adapted  for  life  of  a  high  order, 
in  which  only  life  of  a  much  lower  order  is  found.  While, 
in  this  inevitable  restriction  of  organisms  to  environments 
with  which  their  natures  correspond,  we  find  a  negative 
cause  of  distribution  ;  there  remains  to  be  found  that  positive 
cause  of  distribution,  whence  residts  the  presence  of  organ- 
isms in  some  of  the  places  appropriate  to  them,  and  their 
absence  from  other  places  that  are  equally  appropriate  and 
more  appropriate.  Let  us  consider  the  phenomena  imdcr 
these  categories. 

§  105.  Facts  which  illustrate  the  limiting  influence  of  sur- 
rounding  conditions,  are  abundant,  and  familiar  to  all  read- 
ers. It  will  be  needful,  however,  here  to  cite  a  few  typical 
ones  of  each  order. 


OT    flIOlOCT. 


IdiffiJH 


e  axiSmaatat  of  diSavnt  ktnifa  at  plants  uul 
b  af  iiiJMali.  to  tfae  media  far  wldeh  titej  are  sei 
I.  is  Ik  bnado*  bet  ol'  diatribatum.  Wa  ham 
I  gnxqM  of  iilantB  that  an  Ripeetirely  sub-aertal  aitd 
a  ;  and  of  &a  aab-aqiiooa^  sonw  ora  exclacireir 
wtTBc,  «lii3e  odvn  exiM  oofy  in  riren  and  Ukm.  AnioD|» 
atiim«l«_  ^n  nanlarlT  find  aoaw  rlrnirmn  confined  to  tha  air 
and  otlwn  to  the  wato- ;  and  of  the  watcr-bnatben,  aotus 
are  reatricted  to  aalt  water  and  otben  to  fresh  water.  Lea 
ftmtilJM-  ta  the  fact,  tfaat  within  each  of  these  alnngljr  oan> 
tnsted  media,  there  are  farther  wide-sprEad  limiutMna.  In 
the  sea,  tsertain  orgamsnifl  exist  only  between  eert^  depths, 
while  other  organisms  exist  only  between  other  depths — tha 
limpet  within  the  littoral  sonc,  and  the  Glohigeriita  at  tbo 
bottom  of  the  Atlantic;  and  on  the  land,  thei«  are  Fiona 
and  Faonaa  peculiar  to  low  regions,  and  olhios  peonlior  to 
high  regions.  Xext  tq  have  the  wdl-knows  gmgraphical 
limitations,  made  bj  climate^  There  are  tcmpcrotarca  that 
restrict  each  kind  of  organism  between  certain  isolhennal 
lines ;  and  hTgromctric  states  that  prevent  the  spteod  vC 
each  kind  of  organism  beyond  areas  having  a  certain 
midity  or  a  certain  dn-nces.  Besides  such  general  li 
tions,  wp  find  much  more  sjiooial  Uraitutioiis. 
vegetal  forms  occur  only  in  snow.  Hot  gpringa  bnve  thrir 
peculiar  Infiaoria.  The  habitats  of  certoin  Fung!  are 
or  oilier  dark  places.  And  thcrL-  are  creutuna  unknovn 
yond  the  water  coulaiiicd  in  particular  oivca. 
those  limits  to  distribution  imposed  by  physical  oondii 
oomo  limils  of  a  dinerciit  elites,  imi>osc<t  by  the 
or  absence  of  other  organisms.  Ob«ously,  gramini' 
animals  are  confined  within  tracts  which  produce  plani 
fttr  thorn  to  feed  on.  I^rge  carnivores  cunuut 
regions  where  Uiere  are  creatures  numerous  enough 
largo  onoug)i  to  wno  for  prey.  Tbo  requirements  ofi 
•Inth,  limit  it  to  certain  forcvt-covered  spoeeu;  and  there 
bo  no  insectivorous  balo,  where  thoru  aru  no  nifrht-l 
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insects.  To  these  dependences  of  the  relati^ely-superioT 
organisms  on  the  rehitively-inferior  organisms  which  they 
consume,  must  be  added  certain  reciprocal  dependences  of 
the  inferior  on  the  superior.  Mr  Darwin's  inquiries  have 
shown  how  generally  the  fertilization  of  plants  is  due  to  the 
agency  of  insects  ;  and  how  certain  plants,  being  fertilizable 
only  by  insects  of  a  certain  structure,  are  limited  to  regions 
inhabited  by  insects  of  this  structure.  Conversely,  the  spread 
of  organisms  is  often  bounded  by  the  presence  of  particular 
organisms  beyond  the  bounds — either  competing  organisms 
or  organisms  directly  inimical.  A  plant  that  is  fit  for  some 
territory  adjacent  to  its  own,  fails  to  overrun  it,  because  the 
territory  is  pre-occupied  by  some  plant  that  is  its  superior, 
either  in  fertility  or  power  of  resisting  destructive  agencies ; 
or  else  because  there  lives  in  the  territory  some  mammal 
which  browses  on  its  foliage,  or  bird  which  devours  nearly  all 
its  seeds.  Similarly,  an  area  in  which  animals  of  a  particu- 
lar species  might  thrive,  is  not  colonized  by  them,  because 
they  are  not  fleet  enough  to  escape  some  beast  of  prey  inhab- 
iting this  area ;  or  because  the  area  is  infested  by  some  in- 
sect which  destroys  them,  as  the  tsetse  destroys  the  cattle  in 
parts  of  Africa.  Yet  another  more  special  scries  of 

limitations,  accompanies  parasitism.  There  are  parasitic 
plants  that  flourish  only  on  trees  of  some  few  kinds;  and 
others  that  have  certain  animals  for  their  habitats — as  the 
fungus  which  is  fatal  to  the  silk-worm,  or  that  wliich  so 
strangely  grows  out  of  a  New  Zealand  caterpillar.  Of 
animal-parasitism  we  have  various  kinds :  severally  involv- 
ing their  specialities  of  distribution.  We  have  that  kind  in 
which  one  creature  uses  another  ior  purposes  of  locomotion ; 
as  the  Chelonohia  uses  the  turtle,  and  as  a  certain  Ac* 
iinia  uses  the  shell  inhabited  bv  a  hermit-crab.  We  have 
that  kind  in  which  one  creature  habitually  accompanies 
another  to  share  its  prey ;  like  the  annelid  which  takes  up 
its  abode  in  the  shell  occupied  by  a  hermit-crab,  and  snatches 
from  the  hermit-crab,  the  morsels  of  food  it  is  eating.     'Wo 
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ba\o  again  tbo  commoner  parasitism  of  the  Epi:o<i — uiituali 
which  iiiUuh  themselves  to  the  Burfucca  of  other  snimals,  and 
fctxl  on  their  juicoa  or  on  thuir  secretions.  And  once  nioni,  i 
have  tho  eqnally  common  parusilisra  of  the  Entozoa — c 
which  live  within  otiier  creaturea.  Besides  befng  rrglrirt 
in  its  distribution  to  the  bodies  of  tho  organisms  it  \ 
ench  npocies  of  panisito  has  usually  still  narrower  limitatioosn 
in  Muun  oases  tho  infested  organisms  furnish  fit  hubitals  foC 
the  pnniiiit<H  only  in  certain  regions ;  and  in  other  cases,  only 
when  in  certain  constitutional  states.  There  are 

various  moro  iiidinict  modes  in  which  the  diatribations  of 
orgoiiinnH  nffi'ct  each  other.     Plants  of  particular  kinds  i 
eaten  by  aniwals,  only  in  the  al)scnco  of  kinds  thnt  i 
preferred  to  them ;  and  the  prosperity  of  such  plants,  h< 
portly  deiH'iids  on  tho  presence  of  tho  preferred  pluntx. 
llatiis  hiu  pointed  out  that  some  South  American  butt«rflifl 
Ihrivo  in  regions  where  insectivoroua  birds  would  ebw  dcstn 
them,  because  thoy  closely  rmemhie  butterflies  of  another 
gi>uuB  which  uru  disliked  by  tliuae  birds.     And  Mr  Darwin 
gives  coses  of  dependence  still  more  remote  and  involved. 

Such  uro  tho  chief  negative  causes  of  diBti-ihutJon—  ' 
inur^^aiiio  and  organic  agencies,  that  set  bounds  lo  the  spaoi 
which  organisms  of  cuch  species  inhabit.  Fully  to  ondoi 
•tniid  their  actions,  we  must  conlcmi>late  them  as  worluDff 
not  sc|>amlely,  but  in  ooncerL  Wo  have  to  regard  tlw 
phyiiical  influence,  varying  from  year  to  year,  oa  now 
producing  an  ostonsion  or  restriction  of  the  habitat  in  t 
direction,  and  now  in  that;  and  as  producing  scconJu 
vxtensions  and  r«strictiona,  by  their  effects  on  other  kin< 
vrgsnisiDS.  AVo  have  to  regard  iho  diBtribution  of  i 
organism,  not  only  aa  afTucted  by  cuuaea  which  favour  i 
pliraliun  of  prey  or  of  enenuea  within  ils  own  area ;  bui 
by  causes  which  produce  such  results  in  neighbouring  are 
Wo  have  U>  couceivo  tho  forces  by  which  tho  \m 
maintauiod,  as  including  all  meteurologio  iufloencca,  a 
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with  the  influences^  direct  or  more  or  less  ituioUi,  of  nearly 
all  co-existing  organisms. 

One  general  truth,  indicated  by  sundry  of  the  aLove  illus- 
trations, calls  for  special  notice — the  truth  that  organisms 
are  ever  intruding  on  each  other's  spheres  of  existence.  Of 
the  various  modes  in  which  this  is  shown,  the  commonest  is 
the  invasion  of  territory.  That  tendency  which  we  see  in 
the  human  races,  to  overrun  and  occupy  each  other's  lands, 
as  well  as  the  lands  inhabited  by  inferior  creatures,  is  a 
tendency  exhibited  t>y  all  classes  of  organisms  in  all  va- 
rieties of  ways.  Among  them,  as  among  mankind,  there  are 
permanent  conquests,  temporary  occupations,  and  occasional 
raids.  Annual  migrations  are  instances  of  this  process  in 
its  most  familiar  form.  Every  spring  an  inroad  is  made  into 
the  area  which  our  own  fly-catohers  occupy,  by  the  swallows 
of  the  South ;  and  every  winter  the  fieldfares  of  the  North, 
come  to  share  the  hips  and  haws  of  our  hedges  with  native 
birds — a  partial  possession  of  their  territory,  which  entails 
on  our  native  birds,  some  mortality.  Besides  these  regulariy- 
recurring  raids,  there  are  irregular  ones :  as  of  locusts  into 
countries  not  usually  visited  by  them ;  or  of  strange  birds 
which  in  small  flocks  from  time  to  time  visit  areas  adjacent 
to  their  own.  Every  now  and  then,  an  incursion  ends  in 
permanent  settlement — perhaps  in  conquest  over  indigenous 
species.  Within  these  few  years,  an  American  water-weed 
has  taken  possession  of  our  ponds  and  rivers,  and  to  some 
extent  supplanted  native  water- weeds.  Of  animals,  may  be 
named  a  small  kind  of  red  ant,  having  habits  allied  to  those 
of  tropical  ants,  which  has  of  late  overrun  many  houses  in 
London.  The  case  of  the  rat,  which  must  have  taken  to 
infesting  ships  within  these  few  centuries,  is  a  good  illustra- 
tion of  the  readiness  of  animals  to  occupy  new  places  that 
are  available.  And  the  way  in  which  vessels  visiting  India, 
are  cleared  of  the  European  cockroach  by  the  kindred  Blatta 
orientalis,  shows  us  how  these  successful  invasions  last  only 
until  there  come  more  powerful  invaders.  Organ  ^ 
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imus  uQcroaoh  on  one  another's  spheres  of  cxistcDW,  in 
tLer  ways  than  by  trespassing  on  one  another's  arwos  : 
adopt  one  another's  inixios  of  life.  Tlicro  arc  ca 
this  usurpation  of  habits  is  slight  and  tenipontry ;  and  tlii 
aro  cases  where  it  is  marked  and  permanent.  Oroy 
frequently  join  gulls  and  curlews  in  picking  up  food  bcl' 
tide-marks  ;  and  ^ulls  and  curlews  may  be  occasionally 
many  milus  inland,  feeding  in  ploughed  fields  and  on  mi 
Mr  Darwin  lias  watched  a  fly-cutchor  catching  lisli. 
says  that  the  greater  titniouBO  sometimes  adopts  the  practJl 
of  the  shrike,  and  sometimes  of  tbo  nuthatch  ;  and  thnt 
South  American  woodpeckers  are  frugivorous,  whilu 
chase  insects  on  the  wing.  Of  habitual  intrusions  ■ 
occupations  of  other  creatures,  one  case  is  fumishm!  by 
aca-euglu  ;  which,  besides  hunting  the  surface  of  ihi;  land 
prey,  like  the  rest  of  the  hawk-tribe,  olU'n  swoops  down  n] 
fish.  And  Mr  Darwin  names  a  S]>ccies  of  itetrtd  that 
token  to  diving,  and  bus  a  considerable,  modified  orgai 
tion.  These  last  cases  introduce  us  to  a  etill 

remarkable  class  of  facts  of  kindred  meaning.  This  itiln 
of  6rganisms  on  one  another's  modes  of  life,  goes  to  tho  ex* 
tent  of  intruding  on  one  another's  media.  The  great 
of  flowering  plants  arc  terrestrial ;  and  are  required  to  be 
liy  thdr  process  of  fructlficition.  But  lliere  aro  some  wl 
live  in  tha  water,  and  prolrude  imly  their  flowers  abore 
BUrfaoQ.  Nay,  there  is  a  still  more  sinking  instance:  on 
Koa-flhoro  may  be  found  an  uiga  a  hundred  yards  iuland, 
and  a  phamogum  roolvd  in  aalt-water.  Among  animals, 
tlicM  interchanges  of  media  are  numerous.  Nearly 
aileoptffuus  iiistects  aro  lcrre»trial  ;  but  tho  water- 
which  like  the  rest  of  ita  order  is  au  air-briuthn, 
aquatic  habits.  Water  appeara  to  bo  an  ospeuioUy 
nuxlium  for  a  fly ;  and  yet  Sir  Lubbock  bos  lately 
oovcrvd  more  than  one  npi-cieit  uf  fly  living  beneath  tho 
boo  of  tho  watiT,  and  coming  up  only  otvaoioually  for 
BinU,  uit  a  cliiSM,  aru  cspociully  fittvd  for  an  aerial  vxistci 
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\  hal  certain  tribes  of  thetu  huvo  taken  to  an  aquatic  exiHtdtce 
— swimming  Du  the  surfucoofthewator  and  making  continmd 
incursions  beneath  it&  Burface ;  and  there  are  aoine  gcnert 
that  have  wholly  lost  the  power  of  flight.  Among 
niuls,  too,  which  have  limbs  and  lungs  implying  an  orguiuKa* 
tioQ  for  terrestrial  life,  may  be  named  kinds  tliat  live  uioi-e 
or  loss  in  the  water,  and  are  more  or  less  adapted  to  it.  Wo 
have  water-rats  and  ott«rs,  which  unite  the  two  kinds  of  l)fi>, 
and  show  but  little  modifi(;Btion ;  hippepotami  paa&ing  the 
greater  part  of  their  time  in  the  water,  and  somewhat  mors 
fitted  to  it ;  scaU  living  almoat  exclusively  in  the  sea,  and 
having  the  mammalian  form  greatly  obscui'od  j  whales 
wholly  couUncd  to  the  aea,  and  having  so  little  the  aspect  of 
raammala  na  to  bo  mistaken  for  fish.  Conversely,  sundry 
inhiibitanls  of  the  water  mako  more  or  less  prolonged  ex- 
cursions on  the  land.  Eels  migrate  at  night  from  one  pool 
lo  another.  There  are  fish  with  specially-modified  gills,  and 
fin-raye  serving  as  stilts,  which,  when  the  rivers  they  in- 
habit arc  partially  dried-up,  travel  in  scorch  of  better  quarters 
And  while  some  kinds  of  crabs  do  not  make  land-eicnrsions  , 
beyond  high- water  mark,  other  kinds  pursue  lives  almost  ■ 
wholly  terrestrial. 

Joining  together  these  two  classes  of  facta,  ve  must  regard  I 
the  bounds  to  each  speutes'  sphere  of  existence,  as  detcrminod  | 
by  the  balancing  of  two  antagonist  sobs  of  forces.     The  tend-^ 
ency  which   every  species   has  to  intrude    on  other  areos^   ' 
other  modes  of  life,  and  other  media,  is  restrained  by  the 
direct  and  indirect  resistance  of  conditions,  organic  and  inor- 
ganic.    And  these  expansive  and  repressive  energies,  vary-M 
big  continually  in  their  respective  intensities,  rhytbniicall|l 
equilibrate  each  other — maintain   a  limit    that   ])er[>e(uanil 
oscillates  from  side  to  side  of  a  certain  mean. 


§  103.     As  implied  at  the  outset,  tho  character  of  a  regiooj 
I  vheu  uufavonrable  to  any  species,  sofficiently  accounts  for  tl 
ice  of  this  species ;  and  thus  its  absenco  is  not  incn 
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groons  with  the  hypothens,  that  each  species  was  orij^Dally 
pLiced  in  the  r«gioDS  most  Davonrable  to  it.     But  tbo  nbtNami 
of  a  species  from  regiona  that  are  fuvourablo  to  it.  cannot  I 
thus  accounted  for.     Were  plants  and  animaU  h>CBli»<d  who^ 
with  reference  U>  the  fitness  of  tliolr  oanstitatiuns  to  buitoui 
ing  conditions,  wo  might  esjiect  Floras  to  be  simihir  i 
Fuunaa  to  be  similar,  where  the  conditions  are  similar ; 
wo  might  expect  dissimilarities  among  Floras  and  t 
Faunas,  proportionate  to  the  disaimilaritiea  of  their  conditio^ 
But  we  do  not  find  such  antidpntions  rcrifiod. 

Mr  Darwin  says  that  "  ia  the  Southern  hemisphere,  if  fl 
ctimparo  large  tracts  of  land  in  Australia,  Siiuth  Africa,  i 
western  South  America,  between  latitudes  '2^'  and  ^',  we  A 
find  parts  extremely  similar  ia  all  their  conditiono,  yd 
would  not  be  possible  to  point  out  three  faunas  and  1 
more  utterly  dissimilar.  Or  again  we  may  compare  the 
ductions  of  South  America  south  of  lat.  35*  wilh  tltow  noi 
or2-V,  which  consequently  inhabits  considerably  difFrrciittJ 
mate,  and  they  will  be  found  incomparably  more  clc«t'iy  rela|l 
to  each  other,  than  they  are  to  the  productions  of  Aostn 
or  tAfnca  under  nearly  the  same  climntu."  Still  n 
are  the  contrasts  which  Mr  Darwin  points  out,  between  clos 
ndjnccnt  areas  that  arc  tolally  cut-off  from  each  other, 
two  marine  faunas  are  more  distinct,  with  hnnllya  fish,  i 
iir  cnib  in  common,  than  those  of  the  tastem  ai 
shores  of  South  and  Central  America  ;  yet  these  great  fiiiti 
are  separated  only  by  the  narrow,  but  impaasalilo,  istliroua  nt 
I'anamu."  On  opposite  sides  of  high  roflmilain-chains,altK), 
there  ore  marked  differences  in  tho  orgnnic  forms— 
encos  not  so  marked  aa  where  the  barriers  are  absolatoly  £■ 
pofsable ;  but  much  raoro  marked  than  are  necessitated  1 
unlikeucsacB  of  physieal  conditions. 

Ifot  leas  suggestive  is  the  couverso  fact,  that  wide  { 
phical  areas  which  offer  decided  geolugia  and  niotooruluj 
cniilntwts,  ore  peopled  by  nearly -allied  groups  of  orgnnic 
there  are  no  borrien*  to  migratiua.     "  Tho  natnialiBt  in  % 
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tdliiig,  for  instance^  from  north  to  south  never  fails  to  be 
fltrack  by  the  maimer  in  which  successive  groups  of  beings, 
specifically  distinct,  yet  clearly  related^  replace  each  other. 
He  hears  from  closely  allied,  yet  distinct  kinds  of  birds, 
notes  nearly  similar,  and  sees  their  nests  similarly  constructed, 
but  not  quite  alike,  with  eggs  coloured  in  nearly  the  same 
manner.  The  plains  near  the  Straits  of  Magellan  are  inhabit- 
ed by  one  species  of  Rhea  (American  Ostrich),  and  north- ward 
the  plains  of  La  Plata  by  another  species  of  the  same  genus ; 
and  not  by  a  true  ostrich  or  emeu,  like  those  found  in  Africa 
and  Australia  und^r  the  same  latitude.  On  these  same  plains 
of  La  Plata,  we  see  the  agouti  and  bizcacha,  animals  having 
nearly  the  same  habits  as  our  hares  and  rabbits  and  belonging 
to  the  same  order  of  Rodents,  but  they  plainly  display  an 
American  type  of  structure.  We  ascend  the  lofty  peaks  of 
the  Cordillera  and  we  find  an  alpine  species  of  bizcacha ;  we 
look  to  the  waters,  and  we  do  not  find  the  beaver  or  musk- 
rat,  but  the  coypu  and  capybara,  rodents  of  the  American 
type.  Linumerable  other  instances  could  be  given.  If  we 
look  to  the  islands  off  the  American  shore,  however  much 
they  may  differ  in  geological  structure,  the  inhabitants,  though 
they  may  be  all  peculiar  species,  are  essentially  American." 

What  is  the  generalization  that  expresses  these  two  groups 
of  facts  ?  On  the  one  hand,  we  have  similarly-conditioned, 
and  sometimes  nearly-adjacent,  areas,  occupied  by  quite  dif- 
ferent Faunas.  On  the  other  hand,  we  have  areas  remote  from 
each  other  in  latitude,  and  contrasted  in  soil  as  well  as  climate, 
which  are  occupied  by  closely-allied  Faunas.  Clearly  then,  as 
like  organisms  are  not  imiversally,  or  even  generally,  found 
in  like  hcftitats ;  nor  very  imlike  organisms,  in  very  unlike 
habitats ;  there  is  no  manifest  pre-determined  adaptation  of 
the  organisms  to  the  habitats.  The  organisms  do  not  occur 
in  such  and  such  places,  solely  because  they  are  either  spe- 
cially fit  for  these  places,  or  more  fit  for  them  than  all  other 
organisms. 

The  induction  under  which  tKese  facts  come,  and  whicii 
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aaitoB  Uictn  wiLh  varioiu  other  fact»,  is  a  totaUy-differeot  o 
When  we  ace  that  tho  similar  areua  pet^led 
forms,  are  those  between  which  there  are  impoas 
white  the  diasimilar  areas  peopled  by  aimilar  foniu,  are  tboM 
betweec  which  tliere  are  no  such  barriers ;  we  are  at  once  iv- 
minded  of  tho  general  truth  o^enipUSed  in  the  last  section : — 
the  truth  that  eaoii  apccicB  of  orgaaism,  lends  ever  to  expand 
ita  sphere  of  existence — to  intrude  on  other  at«u,  othor 
modca  of  life,  olhor  mixlia ;  and  through  these  porpntoolly- 
recurring  attunipta  to  thrust  itself  iitto  every  acceoaibla  habitat, 
spreads  until  it  reaches  limits  that  are  for  the  tune  insar^ 
mountaUe. 


g  107.  We  pass  now  to  tho  distributioa  of  organic  fonm 
in  Time.  Geological  iniguiry  hus  estiihltahed  the  IruUi,  that 
during  a  Past  of  immeasurablo  duration,  plaota  an'I  auinuit)! 
have  existed  ou  tho  £arth.  In  all  countries  their  boned 
remains  are  found  in  greater  or  less  iibundance.  From  com- 
|u>mivcly  small  areas,  multitudinous  different  forms  kavt)  been 
exhumed.  Every  exploration  of  new  areas,  and  every  doier 
iRspovlion  of  areas  already  explored,  brinfta  more  such  fbrmi 
to  light.  And  beyond  question,  on  exhaustive  examination  of 
all  cxponed  strata,  and  of  all  strata  now  c<iveTod  by  the  aaa, 
would  disclose  forma  immensely  out-aumberinff  all  thow  at 
prettciit  known.  Furtiier,  it  is  now  becoming  maniEi»t  to 
geoldgiKts,  that  even  had  wo  beforo  ui  every  kind  of  foaut 
which  exists,  we  should  atill  have  nothing  like  a  oomplets 
index  to  tho  post  inhabitants  of  our  globe.  It  baa  been  long 
known  that  many  Kedimmlary  dcporits  have  been  so  altered 
by  the  heat  of  adjacent  molten  matter,  as  greatly  lo  obaourv 
the  organic  remains  contained  in  tbem.  The  cxtemivo  form- 
ations once  called  "transition,"  and  now  re>naniHl  "mcta- 
BMirphic."  aro  acknowledged  to  be  formationa  of  aedimimtajT 
origin,  from  whiclkuU  traoiM  of  such  foanil  as  they  [irotMUjr 
inelodcd,  have  been  obliterated  by  ifpieous  action.  And  Um 
conclaaioD  farcing  itsdf  into  aooeptanoe^  is,  that  ignoooa  twit- 
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titfl  everjrwhere  resulted  from  the  complete  melting-iip  ot 
beds  of  detrituSy  originally  deposited  by  water.  How  long  the 
reactions  of  the  Earth's  molten  nucleus  on  its  cooled  crust, 
have  been  thus  destroying  the  records  of  Life  which  this  cooled 
crust  entombed,  it  is  impossible  to  say  ;  but  there  are  strong 
reasons  for  belieying  that  the  records  which  remain,  bear  but 
a  small  ratio  to  the  records  which  have  been  destroyed.  Thu« 
we  have  but  extremely-imperfect  data  for  any  conclusionii 
respecting  the  distribution  of  organic  forms  in  Time.  Some 
few  generalizations,  however,  may  be  regarded  as  established. 

One  is,  that  the  plants  and  animals  now  existing,  mostly 
differ  from  the  plants  and  animals  which  have  existed. 
Though  there  are  species  common  to  our  present  Fauna  and 
to  past  Faimas  ;  yet  the  fades  of  our  present  Faima  differs, 
more  or  less,  from  ^he  fades  of  each  past  Fauna.  On  carry- 
ing out  the  comparison,  we  find  that  past  Faimas  differ  from 
each  other ;  and  that  the  differences  between  them  are  pro- 
portionate to  their  degrees  of  remoteness  from  each  other  in 
Time,  as  measured  by  their  relative  positions  in  the  sediment- 
ary series.  So  that  if  we  take  the  assemblage  of  organic 
forms  living  now,  and  compare  it  with  the  successive  assem- 
blages of  organic  forms  that  have  lived  in  successive  geologic 
epochs,  we  find  that  the  farther  we  go  back  into  the  past,  the 
greater  does  the  imlikeness  become :  the  number  of  species 
and  genera  common  to  the  compared  assemblages,  becomes 
smaller  and  smaller ;  and  the  assemblages  differ  more  ana 
more  in  their  general  characters.  Though  a  species  of 
brachiopod  now  extant,  is  almost  identical  with  a  species 
found  in  Silurian  strata,  and  though  between  the  Silurian 
Fauna  and  our  own,  there  are  sundry  common  genera  of  mol- 
luscs ;  it  is  still  undeniable  that  there  is  a  proportion  between 
lapse  of  time  and  divergence  of  organic  forms. 

This  divergence  is  comparatively  slow  and  continuous, 
where  there  is  continuity  in  the  geological  formations ;  but  ia 
Budden  and  comparatively  wide,  wherever  there  occurs  a 
great  break  in  the  succession  of  strata.     The  contracts  which 
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I  thus  arise  grodoally^  or  'oil  at  once,  in  fonnations  Uiat  biv 
oontmuous  or  discontinuous,  are  of  two  kinds.     Faunu  of 
differoat  eras,  are  distinguished  partly  by  the  abscnca 
one  t'f  types  that  are  present  in  the  other  ;  und  partly  by 
uuliki'uessca  belwoen  the  typi*8  that  are  common  to  bo( 
Such  distinctions  between  Faunas  as  are  due  to  the  ap] 
anoo  or  disappearance  of  types,  ore  of  secondarj-  sigiiilicuni 
they  possibly,  or  probably,  do  not  imply  anything  more 
!   migrotioDS  or  extinctions.     The  most  significant  distinctii 
I  ve  thoso  botweon  successive  groups  of  orgnnums  of  th< 
I  type.     And  among  such,  as  above  said,  the  difTcrcnct 
'   arise  are,  speaking  geoerally,  small  and  continuous  where 
series  of  conformable  strata  gives  proof  of  conlinued  existei 
of  the  typo  in  the  locnlity ;  while  thoy  are  comparuti 
1   Wgo  iu)d  abrupt,  where  there  is  cWdeuoe  that  betwixn  tha 
I   dcpt)sit  of  the  adjucent  formations,  a  long  period  elapsed. 
I        Another  general  fact,  referred  to  hy  Mr  Darwin  as  ono 
I    which  palmoDtoIogy  has  made  tolerably  certain,  is  that  forms 
I    and  grvups  of  forms  which  have  once  disappeared  from  tbo 
[   Karth,  do  not  roappoor.     Some  few  species  and  a  good  mam 
I    gcnora,  have  continued  throughout  the  whole  period  gvoli 
I   cally  rvoorded.     Itut  omitting  these  as  exceptional,  it  may 
I    wid  that  each  apocics  after  arising,  apreadiug  for  nn  era, 
I    continuing  abundant  for  an  era,  eventually  declines  and 
I    Coro<!Mi  extinct ;  and  that  similarly,  each  genus  during  a  loi 
i    puriod  increases  in  the  number  of  its  species,  and  during 
I    longer  period  dwindles  and  at  last  dies  out.     Having  mad« 
I    its  exit,  neither  s|HJoiefl  nor  genus  over  re-enturs.     And  tlia 
I   like  is  true,  even  of  those  lurgar  groups  called  orders.     Four 
I    lj"pe»  of  reptiles  that  vrcro  once  abundant,  have  not  been 
I    fmnii  in  modern  formationa,  and  do  not  at  preamt  i-xisl. 
I   Though  nothing  ht-a  than  an  exhaustive  examination  of  all 
I    atrota,  ran  prove  conclusively  that  a  special  or  general  form  of 
I   orguniration  when  onco   lost   ia  never  reproduced ;  yet  no 
I    many  facta  point  to  this  infcrenw,  that  iU  Imtli  can  acaroebL 
I   be  doubtvd.  ■ 
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To  form  a  conception  of  the  totai  amount  and  general 
direction  of  the  change  that  has  arisen  in  organic  forms  during 
the  geologic  time  measured  by  our  sedimentary  series,  is  at 
present  impossible — the  data  are  insufficient.  The  immense 
contrast  between  the  few  and  low  forms  of  the  earliest-known 
Fauna,  and  the  many  and  high  forms  of  our  existing  Fauna, 
has  been  commonly  supposed  to  prove,  not  only  great 
change  but  great  progress.  Nevertheless,  this  appearance 
of  progress  may  be,  and  probably  is,  mainly  illusive. 
Wider  knowledge  and  increased  power  of  interpretation,  have 
made  it  manifest  that  remains  of  comparatively  well-organized 
creatures,  really  existed  in  strata  long  supposed  to  be  devoid 
of  them  ;  and  that  where  they  are  actually  absent,  the  nature 
of  the  strata  often  supplies  a  sufficient  explanation  of  their 
absence,  without  assuming  that  they  did  not  exist  when  these 
strata  were  formed.  It  has  now  become  a  tenable  hypothesis, 
that  the  successively-higher  types  fossilized  in  our  successive- 
ly-later  deposits,  indicate  nothing  more  than  successive  migra- 
tions from  pre-existing  continents,  to  continents  that  were 
step  by  step  emerging  from  the  ocean — migrations  which 
necessarily  began  with  the  inferior  orders  of  organisms,  and 
included  the  successively-superior  orders  as  the  new  lands 
became  more  accessible  to  them,  and  better  fitted  for  them.* 

While  the  evidence  usually  supposed  to  prove  progres- 
sion, is  thus  untrustworthy,  there  is  trustworthy  evidence 
that  there  has  been,  in  many  cases,  little  or  no  progression. 
Though  the  types  which  have  existed  from  palsDozoic  and  me- 
sozoic  times  down  to  the  present  day,  are  almost  universally 
changed  ;  yet  a  comparison  of  ancient  and  modem  members 
of  these  types,  shows  that  the  total  amoimt  of  change  is  not 
relatively  great,  and  that  it  is  not  manifestly  towards  a  higher 
organization.  Though  nearly  all  the  living  forms  which  have 
prototypes  in  early  formations,  differ  from  these  prototypes 
specifically,  and  in  most  cases  gcnerically  ;  yet  ordinal  pecu- 
liant]«38  arc,  in  very  numerous  cases,  maintained  from  the  carli- 

^  For  explanations,  see  '*  Illogical  Geology."    Etsayn  :  Second  8ci'ie$. 
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est  tJnes geologically  recorded, down  to  our  own  time;  and  wo 
have  no  visible  evidence  of  eupcriority  iit  tlie  existing  genera 
of  tliiffie  ortlei'8.  In  Lis  lecture  "  On  the  Fcreiatcnt  "j^pia  of 
Animal  Life,"  Protl  Huxley  enumerates  many  casefi.  On 
tlie  authority  of  Dr.  Ilooker,  he  stated  "  that  there  art  Curboa* 
iti-'roUB  plants  which  appear  to  be  geiioricaily  idcntica.1 1 
some  now  living ;  that  the  cone  of  the  Oolitic  Aram 
hardily  dietiuguiBhable  &om  that  of  an  existing  fpecies ; 
true  Pinua  appears  in  the  Pnrbecka  and  a  Juglana  in  t 
cLaUc"  Among  animals  he  named  palteozoic  and  n 
corals  which  arc  very  like  certain  extant  curals ;  genera  of  Silu^ 
rian  mollnscB  that  answer  to  existing  genera ;  insects  and  a 
iiidfi  in  the  coal  formations,  that  are  not  more  than  generiei 
different  from  some  of  onr  own  iiisocta  and  amclinide. 
instanced  "  the  Devonian  and  Carboniferous  PUuracam 
which  differs  no  more  from  existing  sharks  Uiau  tbeMl 
from  one  another;"  early  mcsozoic  reptiles  "identical  i 
essential  characters  of  tlicir  oi^;%niziLt!on  with  those  novr| 
ing ; "  and  Triassic  mammals  whiuh  did  not  dllfer  '*  nearh 
much  from  some  of  those  which  now  live,  as  these  differ  fi 
one  another."  Continuing  the  argument  in  his  *'  Annivera 
Addreea  to  the  Geological  Society  "  in  1862,  Prof.  Htt; 
guvu  many  cases  in  which  the  changes  that  have  taken  p 
are  not  c}iaugt»  towards  a  more  specialized  or  higher  orj^ 
izution — asking  "  in  what  sense  are  the  Liaasic  Chehmia  info- 
rior  to  thoeo  which  now  exist!  IIow  are  the  Crctaceoua 
Ichthyo^uria,  Pleeiosauria,  or  Ftorueauria  leas  embr^-onio 
ur  muro  difforeotiated  Bpecies  than  those  uf  tlic  Lloal" 
While,  however,  (xintcndiiig  tliat  in  iiio»t  instances  "  pusitivo 
ovidcuco  fails  to  demonstrate  any  sort  of  progressive  modili* 
cation  towai-ds  a  leas  embryonic  or  less  genc-RUizi-d  type  in  a 
givat  many  groups  of  animals  of  long-continuod  geologfeul 
existence ; "  Prof.  Ilnxley  added,  that  there  are  other  gmu|j« 
"  cu-flxist!iig  with  them,  under  tlie  iaine  Jonditions,  tu  which 
more  or  luw  dbtinct  iudieatiouB  of  such  a  process  seem  lo  bo 
traceable."    And  in  itlustratiou  of  ihis,  he  uuaied  that  Iwttfl^ 
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development  of  the  vertebraB  which  characterizes  some  of 
the  more  modem  fishes  and  rejitiles,  when  compared  with  an- 
cient fishes  and  reptiles  of  the  same  orders ;  and  the  '^  regu- 
larity and  evenness  of  the  dentition  of  the  Anophiherium 
afi  contrasting  with  that  of  existing  Artiodactjles." 

The  facts  thus  summed  up,  do  not  show  that  higher  forms 
have  not  arisen  on  the  Earth  in  the  course  of  geologic  time, 
any  more  than  the  facts  commcnly  cited  prove  that  liigher 
forms  have  arisen ;  nor  are  they  regarded  by  Prof.  Huxley 
as  showing  this.  Were  the  types  which  have  survived  from 
palseozoic  and  mesozoic  periods  down  to  our  own  day,  the 
only  types ;  and  did  the  modifications,  rarely  of  more  than 
generic  value,  which  these  types  have  undergone,  give  no 
better  evidences  of  increased  complexity  than  are  actually 
given  by  them;  then  it  would  be  inferable  that  there  has 
been  no  appreciable  advance  among  organic  forms.  But 
there  now  exist,  and  have  existed  during  the  more  recent 
geologic  epochs,  various  types  which  are  not  known  to  have 
existed  in  earlier  epochs  —  some  of  them  widely  unlike 
these  persistent  types,  and  some  of  them  nearly  allied  to 
these  persisfent  types.  As  yet,  we  know  nothing  respecting 
the  ori^ns  of  these  new  types.  But  it  is  quite  possible  that 
causes  like  those  which  have  produced  generic  differences  in 
the  persistent  types,  may,  in  some  or  many  cases,  have  pro- 
duced modifications  great  enough  to  constitute  ordinal  differ- 
ences— may  have  resulted  in  the  formation  of  types  that  are 
now  classed  as  separate.  If  structural  contrasts  not  exceed- 
ing certain  moderate  limits,  are  held  Jto  mark  only  generic 
distinctions ;  and  if  organisms  displaying  larger  structural 
contrasts  are  considered  ordinally  or  typically  distinct ;  it  is 
dear  that  the  persistence  of  a  given  type  through  a  long 
geologic  period  without  apparently  undergoing  deviations  of 
more  than  generic  value,  by  no  means  disproves  the  occurrence 
of  far  greater  deviations ;  since  the  forms  resulting  from  such 
far  greater  deviations,  being  regarded  as  typically  distinct 
forms,  will  not  be  taken  as  evidence  of  great  change  in  the 
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original  type.  That  wliich  Prof.  Huxley's  argumcnit  p 
and  that  only  which  he  considers  it  to  prove,  ia  thai  orgs 
have  no  innate  tendencios  to  assume  higher  fonnB,  am 
"  any  admissible  hypothesis  of  progressi%'D  modiScAtion,  int»t 
bo  compatible  w-ith  pereiatence  without  progression  throngli 
indefinite  periods," 

One  very  Bignificant  fact  must  bo  added,  concerning  | 
relation  between  distribution  in  Time  and  distribulioa ' 
Space.  I  quote  it  from  Mr  Darwin  : — "  Mr  Ciift  many  yean 
ago  showed  that  the  fossil  matnmals  from  the  Australian 
caves  were  closely  allitKl  to  the  living  marsupala  of  that  con- 
tinent. In  South  Americn,  a  similar  relationship  is  manifest, 
even  to  an  uneducated  eye,  in  the  gigantic  pieces  of  armour 
like  those  of  the  armadillo,  found  in  several  ports  of  La  Plata; 
and  Professor  Owen  has  shtiwn  in  the  most  striking  n 
that  moat  of  the  foeail  mammals,  buried  there  in  such  nq 
hers,  are  related  to  the  South  American  types.  This  rolati 
ship  is  even  more  clearly  scea  in  the  wonderful  collectian  of 
fossil  bones  made  by  MM.  Lund  and  Clausen  in  the  caves  of 
Brazil.  1  was  so  much  impressed  with  these  facta  that  I 
Strongly  insisted,  in  1839  and  1845.  on  this  '  law  of  the  suc- 
cession of  type*,' — on  '  this  wondcrfiJ  rrlationship  in  the 
same  continent  lK!tw«)Cn  the  dead  and  the  living.*  Pmfrssor 
Owen  haa  subsequently  extended  the  same  generalisation  to  tha 
mammals  of  the  Old  ^Vorltl.  Wo  see  the  same  law  in  tbia 
author's  restiiralionB  of  the  extinct  and  gigantic  birds  of  X«w 
Zealand.  We  see  it  also  in  the  birds  of  the  cnvee  of  DrasiL 
Mr  Woodward  hiia  shown  that  the  same  law  holds  g«v»d,  with 
•ca-ahnllii,  but  from  the  wido  distribution  of  most  genera  of 
mullu.ie?<,  it  is  not  wi-Il  displayed  hy  them.  Other  caaca  could 
be  nddi-d,  as  ilm  ruhilion  l>L'l«-een  the  oxtinctand  living  land- 
shells  of  Madeira ;  and  between  the  extinct  and  living  brack* 
iah-water  abolU  of  the  Amlo-Caspian  Sea.*" 

The  general  results  then,  are  th«iic.     Our  knowlmlgo  o( 
distribution  in  Time,  being  derived  wholly  from  the  ovidq 
afiurdud  by  fossils,  is  limitvd  to  that  geologic  time  of  i 
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■ome  records  remain :  cannot  extend  to  those  pre-geologio 
times  the  records  of  which  have  been  obliterated.  From 
these  remaining  records,  which  probably  form  but  a  small 
fraction  of  the  whole,  the  general  facts  deducible  are : — That 
such  organic  t3rpcs  as  have  lived  through  successive  epochs, 
have  almost  universally  undergone  modifications  of  specific 
and  generic  values — ^modifications  which  have  commonly  been 
great  in  proportion  as  the  period  has  been  long.  That  besides 
the  types  that  have  persisted  from  ancient  eras  down  to  our 
own  era,  other  types  have  from  time  to  time  made  their  ap- 
pearance in  the  ascending  series  of  our  strata — types  of  which 
some  are  lower  and  some  higher  than  the  types  previously 
recorded ;  but  whence  these  new  types  came,  and  whether 
anj  of  them  arose  by  divergence  from  the  previously-recorded 
types,  the  evidence  does  not  yet  enable  us  to  say.  That  in 
the  course  of  long  geologic  epochs,  nearly  all  species,  most 
geiera,  and  a  few  orders,  become  extinct ;  and  that  a  species, 
genus,  or  order,  which  has  once  disappeared  from  the  Earth, 
never  reappears.  And,  lastly,  that  the  Faima  now  occupying 
each  separate  area  of  the  Earth's  surface,  is  very  nearly  allied 
to  the  Faima  which  existed  on  that  area  during  recent  geolo 
gic  times. 

§  108.  Omitting  sundry  minor  generalizations,  the  exposi- 
tion of  which  would  involve  too  much  detail,  what  is  to  be 
said  of  these  major  generalizations  P 

The  distribution  in  Space  cannot  be  said  to  imply  that  or- 
ganisms have  been  designed  for  their  particular  habitats,  and 
placed  in  them ;  since,  besides  the  habitat  in  which  an  organ- 
ism is  found  there  are  commonly  other  habitats,  as  well  or 
better  for  it,  from  which  it  is  absent — habitats  to  which  it 
is  so  much  better  fitted  than  organisms  now  occupying  them, 
that  it  extrudes  these  organisms  when  allowed  the  oppor- 
tunity. Neither  can  we  suppose  that  one  end  has  been  to 
establish  varieties  of  Floras  and  Faunas  ;  since,  if  so,  why  are 
the  Floras  and  Faunas  but  little  divergent  in  widely-sundered 
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anas  between  whidi  tiugniioa  is  possible,  wliilii  Hbey  are 
markedly  divergect  in  adjacent  areas  betirceo  wbich  mign^ 
tion  is  impossible  ? 

Passing  to  distributions  in  Time,  there  anso  tlw  qoostiona 
— why  during  nearly  the  whole  of  that  rast  period  getdogical- 
Ir  r\xxirded,  hare  tbere  existed  Done  of  those  highest  orgnnie 
f'lrms  vhicb  have  now  OTemin  the  Earth  ? — ^how  iaittliatw« 
Sod  no  traces  of  a  creatore  endowed  with  large  capadtiea  for 
knowledge  and  happiness  ?  The  answer  that  the  Earth  was 
not,  in  remote  times,  a  fit  babitatioQ  for  such  a  eroatoro,  ho* 
ride*  being  onwamnted  by  the  evidence,  saggesta  the  eqoallj 
awkward  question — why  dnriag  untold  millionsof  yean  did  Qto 
Earth  remain  fit  only  forinferior  ensures?  AVhat,  again,  n 
the  meaning  of  this  extinction  of  tjrpos  f  To  cooclode  that 
the  eanrian  type  was  replaced  by  other  tjrpm  at  tho  boghmioy 
of  the  tertiary  poriod,  because  this  type  was  not  adapted  lo 
the  conditions  which  then  araee,  is  to  condode  that  this  typa 
oonld  not  be  modified  into  fitness  for  tho  conditions ;  and  this 
condosion  is  quite  at  variance  with  (he  hjrpotbesis  that  ereatim 
skill  is  shown  in  the  multifurtn  adaptations  of  oo«  type  to 
many  ends. 

What  interpretations  may  rationally  be  pat  on  these  and 
other  general  facts  of  distribution  In  Space  and  Time,  wa 
shall  see  in  the  next  division  of  thia  work ;  to  whiuh  kit  «■ 


PART  III. 

TEE  EYOLUTIOK  OF  LIFE 


CHAPTER  L 


PRELIMINABY. 


S  109.  In  the  foregoing  Fart,  we  Iiave  contemplated  the 
most  important  of  the  generalizations  to  which  biologists 
have  been  led  by  observation  of  organisms.  These  Induc- 
tions of  Biology  have  also  been  severally  glanced  at  on  their 
deductive  sides ;  for  the  purpose  of  noting  the  harmony  that 
exists  between  them,  and  those  primordial  truths  set  forth  in 
First  Principles,  Having  thus  studied  the  leading  pheno- 
mena of  life  separately,  we  are  prepared  for  studying  them  in 
their  ensemble^  with  the  view  of  arriving  at  the  most  general 
interpretation  of  them. 

There  is  an  ensemble  of  vital  phenomena  presented  by  each 
organism  in  the  course  of  its  growth,  development,  and  decay; 
and  there  is  an  ensemble  of  vital  phenomena  presented  Dy 
the  organic  world  as  a  whole.  Neither  of  these  can  be 
properly  dealt  with  apart  from  the  other.  But  the  last  of 
them  may  be  separately  treated  more  conveniently  than  the 
first.  What  interpretation  we  put  on  the  facts  of  structure 
and  fimction  in  each  living  body,  depends  entirely  on  our 
conception  of  the  mode  in  which  living  bodies  in  general 
have  originated.  To  form  some  conclusion  respecting  this 
mode — a  provisional  if  not  a  permanent  conclusion — must 
therefore  be  our  first  step. 

We  have  to  choose  between  two  hypotheses — ^the  hypo- 
thesis of  Special  Creation  and  the  hjrpothesis  of  Evolution. 
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Either  the  muliitudinoiis  kinds  of  organisms  that  now  exist, 
and  the  still  more  multitudinous  kinds  that  have  existed 
during  past  geologic  erus,  haye  been  from  time  to  time  separ- 
ately made ;  or  they  have  arisen  by  insensible  steps,  through 
actions  such  as  we  see  habitually  going  on.  Both  hypo- 
theses imply  a  Cause.  The  last,  certainly  as  much  as  the 
first,  recognizes  this  Cause  as  inscrutable.  The  point  at 
issue  is,  how  this  inscrutable  Cause  has  worked  in  the  pro- 
dootion  of  living  forms.  This  point,  if  it  is  to  bo  decided  at 
all,  is  to  be  decided  only  by  examination  of  evidence.  Lei 
us  inquire  which  of  thceo  antagonist  hypotheses  is  most  con- 
gruous with  established  fSEu^ts. 


CHAPTER  n. 

GENERAL  ASFBOTS  OF  THE  SPECIAIrCBEATION-HTPOTHESI&* 

§  110.  Eablt  ideas  are  not  nsnally  tme  ideas.  Unde- 
Feloped  intellect,  be  it  that  of  an  individual  or  that  of  the 
race,  forms  condnsions  which  require  to  be  reyiscd  and  re- 
revised,  before  they  reach  a  tolerable  correspondence  with 
realities.  Were  it  otherwise,  there  would  be  no  discovery, 
no  increase  of  intelligence.  What  we  call  the  .progress  of 
knowledge,  is  the  bringing  of  Thoughts  into  harmony  with 
Things;  and  it  implies  that  the  first  Thoughts  are  either 
wholly  out  of  harmony  with  Things,  or  in  very  incomplete 
harmony  with  them. 

If  illustrations  be  needed,  the  history  of  every  science 
furnishes  them.  The  primitive  notions  of  mankind  as  to  the 
structure  of  the  heavens,  were  wrong;  and  the  notions 
which  replaced  them  were  successively  less  wrong.  The 
original  belief  respecting  the  form  of  the  Earth  was  wrong ; 
and  this  wrong  belief  survived  through  the  first  civilizations. 
The  earliest  ideas  that  have  come  down  to  us  concerning  the 
natures  of  the  elements  were  wrong;  and  only  in  quite 
recent  times  has  the  composition  of  matter  in  its  various 
forma  been  better  understood.  The  interpretations  of  me- 
chanical facts,  of  meteorological  facts,  of  physiological  facts, 

*  ScTeral  of  the  argumeuU  used  in  this  duipter  and  in  that  which  follows  it, 
formed  parts  of  an  essay  on  ^  the  Derelopment  Hypothesis,"  originally  published 
In  1862. 
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were  at  first  wrong.     In  all  these  cobcb  men  set  nut  with 
belioia  which,  if  not  ubsolutclir  fnlso,  contained  but  t 
amounts  of  truth  dJaguiBed  by  immenBo  amounte  of  error. 
Hence  the  h%'pothesia  that  living  bi'inga  reaultcd  i 
special  creations,  being  a  primitive  hypothesis,  is  proba 
an  untrue  hypothesis.   If  the  inleipreluf  iuns  of  Naturo  giv4 
by  aboriginal  men,  wore  erroneous  in  other  dtreotiana,  t 
were  most  likely  erroneous  in  this  direction.     It  would  I 
■traiige  if,  while  these  aboriginal  men  failed  to  n^och  the  b 
in  80  many  cases  where  it  is  comporutively   conspicuc 
they  yet  reached  Uic  truth  in  a  caao  where  it  is  oompi 
tively  hidden. 

^  III.  Besides  the  improbability  given  to  the  belief  I 
special  creations,  by  ita  association  with  mistaken  early 
heliefs  in  general ;  a  further  iraprobahility  is  gi*Tii  lo  it  by 
ita  association  with  u  special  class  of  tnistalccu  belief*, 
belongs  to  a  family  of  beliefs  which  have  one  after  anotll 
been  destroyed  by  advancing  knowledge;  and  is,  indt 
almost  tho  only  member  of  the  family  that  survives  i 
educated  people. 

~We  all  know  that  tho  savage  thinks  of  each  striking  phe- 
nomenon, or  group  of  phenomena,  as  caused  by  some  sepoiata 
personal  agent ;  that  out  of  this  felii^histic  conception  then 
grows  Mp  a  polytheistic  conception,  in  which  these  minor  per* 
Bonalities  arc  variously  generalized  into  deities  presiding  over 
diAcront  divisions  of  nature;  and  that  these  are  eventually 
further  goncmliwxl.  Tliis  progreKsivu  eouHolidutiun  of  couMkl 
agencies,  may  be  traced  in  tho  creeds  of  all  races;  and  i 
far  from  complete  in  the  creeds  of  tlm  miwl  ailvoiiced  r 
The  unlett^^red  nu<lics  who  till  our  fields,  do  not  let  tho  0 
•nuuaness  of  a  supreme  power  wholly  absorb  tho  nlwrigi 
conceptions  of  gotxl  and  evil  spirita,  and  rharins  or  s 
poitcncins  dwelling  in  particular  objoctt  The  earliest  n 
of  thinking  changes,  only  as  fust  as  the  constant  relat 
among  phenomena  are  established.  Bcarcdy  I 
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fiuniliar  is  the  truths  that  while  accumulating  knowledge 
makes  these  conceptions  of  personal  causal  agents  gradually 
more  yague,  as  it  merges  them  into  general  causes,  it  also 
destroys  the  habit  of  thinking  of  them  as  working  after  the 
methods  of  personal  agents.  We  do  not  now,  like  Kepler, 
assume  guiding  spirits  to  keep  the  planets  in  their  orbits. 
It  is  no  longer  the  universal  belief  that  the  sea  was  once  for 
all  mechanically  parted  from  the  dry  land;  or  that  the 
mountains  were  placed  where  we  see  them  by  a  sudden  cre- 
ative act.  All  but  a  narrow  class  have  ceased  to  suppose 
sunshine  and  storm  to  be  sent  in  some  arbitrary  succession. 
The  majority  of  educated  people  have  given  up  thinking  of 
epidemics  as  punishments  inflicted  by  an  angry  deity.  Nor 
do  even  the  common  people  regard  a  Tnn/^mftTi  as  one  pos- 
sessed by  a  demon.  That  is  to  say,  we  everywhere  see 
fading  away  the  anthropomorphic  conception  of  the  Un- 
known Cause.  In  one  case  after  another,  is  abandoned  that 
interpretation  which  ascribes  phenomena  to  a  will  analogous 
to  the  human  will,  working  by  methods  analogous  to  human 
methods. 

If,  then,  of  this  once-numerous  family  of  beliefs,  the  im- 
mense majority  have  become  extinct,  we  may  not  unrea- 
sonably expect  that  the  few  remaining  members  of  the  family 
will  become  extinct.  One  of  these  is  the  belief  we  are  here 
considering — ^the  belief  that  each  species  of  organism  was 
specially  created.  Many  who  in  all  else  have  abandoned 
the  aboriginal  theory  of  things,  still  hold  this  remnant  of  the 
aboriginal  theory.  Ask  any  tolerably-informed  man  whether 
he  accepts  the  cosmogony  of  the  Indians,  or  the  Greeks,  or 
the  Hebrews,  and  he  will  regard  the  question  as  next  to  an 
insult.  Yet  one  element  conmion  to  these  cosmogonies  he 
very  likely  retains:  not  bearing  in  mind  its  origin.  For 
whence  did  he  get  the  doctrine  of  special  creations  ?  Catechise 
him,  and  he  is  forced  to  confess  that  it  was  put  into  his  mind 
in  childhood,  as  one  portion  of  a  story  which,  as  a  whole,  he 
has  long  since  rejected.    Why  this  fragment  is  likely  to  be 
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right  while  all  the  rest  ia  wrong,  ho  is  unable  to  say.  Mnj 
we  Qot  then  expect,  that  tho  relinquishment  of  oil  oUxct 
parts  of  this  storr,  will  bye  and  bye  be  followed  by  t 
relinquishment  of  this  remaining  paxt  of  it  f 

^  112.     TIio  boliof  which  wo  find  thus  qucationnhlc,  both 
M  f*ing  a  primitive  belief  and  as  being  a  belief  belonging  to 
an  almost-extinct  family,  is  a  belief  that  is  not  countenanced 
by  a  single  fact.     No  one  ever  saw  a  special  creation ; 
ond  ever  found  proof  of  an  indirect  kind,  that  a  speoifllil 
creation  had  taken  place.     It  ia  significant,  as  Dr  Uod 
romnrks,  that  natondiats  who  suppose  now  species  to  bs4 
miraculously  originated,  habitually  suppose  tho  originatioaV 
to  occur  in  some  region  remote   from  human  obecrraticni.  1 
'^Vherever  the  order  of  organic  nature  ia  exposed  to  the  view  otM 
zoologists  and  botanists,  it  expels  this  conception  ;   and  tWf 
conception  surrivcs  only  in  connexion  wi(h  imagined  plooo^l 
whore  the  order  of  organic  phenomena  is  unknown. 

Besides  being  absolutely  without  evidence  to  give  it  extcr*  fl 
nal  support,  this  hypotbeais  of  special  creations  cannot  t 
port  itself  internally— cannot  be  framed  into  a  coh«i 
thought.     It  is  one  of  those  illegitimate  symbolic  concc 
tions,  BO  continually  mistaken  for  legitimate  symbolic  o 
tiona  {Firtt  Prittcipkt,  %  9),  because  ihcy  rtimain  ante 
Immodiutcly  an  attempt  is  nuulo  to  eluborute  tho  idea  i 
anylhiikg  like  a  deflnile  shaj>e,  it  proves  to  bo  a  psoud-idi 
Dduiitting  of  no  acGnito  shape,     Is  it  supposed  that  a  i 
organism,  whi^n  s]<ec!ully  creiitod,  is  created  out  of  nothingB 
It  sii,  there  ia  a  supjxisod  cruattun  of  mutter;  and  thee 
tinn  of  matter  ia  inconceivable — implies  the  es 
a  relation  in  thought  b(.-lwi.H-n  nothing  and  somcthing-^d 
relation  of  whirh  one  term  is  absent — on  impoMible  i 
tion.     I*  it  Buppoanl  that  tlft  matter  of  which  the  new  a 
jpuiimi  uoiiHisls,  is  not  crt-ati'd  ftir  tho  occasion,  but  ia  t 
fita  pre-existing  forms  andarrangedintoanewibnnP  ] 
I  art)  met  by  the  quoelion — how  ia  the  ro-arn 
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efTectcd  ?  Of  the  myriad  atoms  gomg  to  tho  composition  o/ 
the  new  organism,  all  of  them  previously  dispersed  through 
the  neighbouring  air  and  earth,  does  each,  suddenly  dis- 
engaging itself  from  its  combinations,  rush  to  meet  the  rest, 
unite  with  them  into  the  appropriate  chemical  compounds, 
and  then  fall  with  certain  others  into  its  appointed  plao«  in 
the  aggregate  of  complex  tissues  and  organs  ?  Surely  thus 
to  assume  a  myriad  supernatural  impulses,  differing  in  their 
directions  and  amoimts,  given  to  as  many  different  atoms,  is  a 
multiplication  of  mysteries  rather  than  the  solution  of  a 
mystery.  For  every  one  of  these  impulses,  not  being  the 
result  of  a  force  locally  existing  in  some  other  form,  implies 
the  creation  of  force ;  and  the  creation  of  force  is  just  as 
inconceivable  as  the  creation  of  matter.  And  thus  is  it  with 
all  attempted  ways  of  representing  the  process.  The  old 
Hebrew  idea  that  God  takes  clay  and  momlds  a  new  creature, 
as  a  potter  might  mould  a  vessel,  is  probably  too  grossly  an- 
thropomorphic to  be  accepted  by  any  modem  defender  of  the 
special-creation  doctrine.  But  having  abandoned  this  crude 
belief,  what  belief  is  he  prepared  to  substitute  ?  If  a  new 
organism  is  not  thus  produced,  then  in  what  way  is  a  new 
organism  produced  ?  or  rather — in  what  way  can  a  new 
organism  be  conceived  to  be  produced  ?  We  will  not  ask  for 
the  ascertained  mode,  but  will  be  content  with  a  mode 
that  can  be  consistently  imagined.  No  such  mode,  however, 
is  assignable.  Those  who  entertain  the  proposition  that  each 
kind  of  organism  residts  &om  a  divine  interposition,  do  so 
because  they  refrain  &om  translating  words  into  thoughts. 
The  case  is  one  of  those  where  men  do  not  really  believe,  but 
rather  believe  they  hclieve.  For  belief,  properly  so  called, 
implies  a  mental  representation  of  the  thing  believed ;  and 
no  such  mental  representation  is  here  possible. 

§  113.  If  we  imagine  mankind  to  be  contemplated  by 
some  creature  as  short-lived  as  an  ephemeron,  but  possessing 
intelligence  like  our  own — ^if  we  imagine  such  a  being  study* 
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iiig  men  and  women,   djriag  his   few  houra  of  life,  i 
BpcculaLin;^  lis  to  the  mode  in  wbicb  tbey  come  into  cxislraef 
it  is  mauift>st  that,  reasoning  in  tbe  usual  way,  Ld  would 
eupposo  each   man  and   woman  to  tave    been    wporatelj 
creatod.     No  appreciable  cbanges  of  citructure  occmriiig  j 
any  of  tlicm  during  the  few  hours  over  which  hiii  ohM>rl 
tioiis  extended,  this  being   would  probably    infer  ihat  1 
changes  of  etruclure  were  Iwking  place,  or  liiwl  Uikcn  pin 
and  tliat  from  the  outset,  each  man  and  woman  had   | 
aessed  all  the  characters  then  visible — had  been  orjBj 
formed  with  them.     This  would  ratunilly  Lo  the  first  i 
prcfision.  The  application  is  obvious.    A  hnratu  I 

ia  ephemeral  compared  with  tho  life  of  a  species ;  and  e 
the  period  over  which   tho   records  of  human  expori< 
extend,  is  ephemeral  compared  with  tho  life  of  a  i 
Thoni  is  thus  a  parallel  contrast  between  the  immensely-lQ 
Bcrioa  of  changes  that  haie  occurred  during  the  Ufo  ( 
species,  and  that  email  portion  of  the  series  open  to  o 
And  there  is  no  reason  to  suppyso  thai  the  first  conclui 
drawn  by  mankind  from  tliis  small  part  of  tho  series  visi 
to  thcin,  is  any  nearer  the  tnit)i,  than  would  be  the  coi 
sion  of  thu  supposed  ephemeral  being  rcttji-eting  luea  i 
women. 

This  analogy,  suggesting  as  it  dooa  how  the  bypotlic 
Kjiecial  ereitticniB  in  merely  u  fi)rmula  for  our  ignoruncr,  i 
the  question — what  reason  have  wo  to  assume  sitL-ciul  cre^ 
ti  )ns  of  species  but  not  of  individuals ;  unless  it  bo  that  in 
the  case  of  individuals  wo  directly  know  the  proocas  to  In 
Stherwiso,  but  in  the  ease  of  species  do  not  directly  knoi 
to  be  otherwise  ?   Have  wo  any  ground  for  concluding  ti 
species  wp?e  specially  rreat^-d,  except  tho  ground  that  1 
hai«  no  immediate  knowledge  of  iheir  origin  ?  And  docs  q 
ignoronco  of  the  manner  in  whii^h  they  arose,  warrant  a 
n«iwrting  tluit  they  arose  by  upeciul  crwition  P 

Another  qneHtion  is  suggested  by  thin  analogy, 
who,  in  the  absence  of  immediate  evidence  of  the  ^ 
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wLlcli  species  arose,  assert  that  they  arose  not  in  any  way 
analogous  to  that  in  whicli  individuals  arise,  but  in  a  totally 
distinct  way,  think  that  by  this  supposition  they  honour  the* 
Unknown  Cause  of  things ;  and  they  oppose  any  antagonist 
doctrine  as  amounting  to  an  exclusion  of  divine  power  from 
the  world.  But  if  divine  power  is  demonstrated  by  the 
separate  creation  of  each  species,  would  it  not  have  been  still 
better  demonstrated  by  the  separate  creation  of  each  indivi- 
dual ?  Why  should  there  exist  this  process  of  natural  gene- 
sis ?  Why  should  not  omnipotence  have  been  proved  by  the 
supernatural  production  of  plants  and  animals  everjrwhere 
throughout  the  world  from  hour  to  hour  ?  Is  it  replied  that 
the  Creator  was  able  to  make  individuals  arise  from  one 
"•nother  in  a  natural  succession,  but  not  to  make  species  thus 
arise  ?  This  is  to  assign  a  limit  to  power  instead  of  magni- 
fying it.  Is  it  replied  that  the  occasional  miraculous  origina- 
tion of  a  species  was  practicable,  but  that  the  perpetual  miracu- 
lous origination  of  countless  individuals  was  impracticable  P 
This  also  is  a  derogation.  Either  it  was  possible  or  not  pos- 
sible to  create  species  and  individuals  after  the  same  general 
method.  To  say  that  it  was  not  possible  is  suicidal  in  those 
who  use  this  argument ;  and  if  it  was  possible,  it  is  required 
to  say  what  end  is  served  by  the  special  creation  of  species 
that  would  not  have  been  better  served  by  the  special  creation 
of  individuals.  Again,  what  is  to  be  thought  of  the 

fact  that  the  great  majority  of  these  supposed  special  creations 
took  place  before  mankind  existed  P  Those  who  think  that  di- 
vine power  is  demonstrated  by  special  creations,  have  to  answer 
the  question — ^to  whom  demonstrated  P  Tacitly  or  avowedly, 
they  regard  the  demonstrations  as  being  for  the  benefit  of 
mankind.  But  if  so,  to  what  purpose  were  the  millions 
of  these  demonstrations  which  took  place  on  the  Earth  wh^n 
there  were  no  intelligent  beings  to  contemplate  them  ?  Did 
the  Unknowable  thus  demonstrate  his  power  to  himself  P 
Few  will  have  the  hardihood  to  say  that  any  such  demon- 
stration was  needfuL    There  is  no  choice  but  to  regard  them. 
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eitlirr  aa  superfluous  cxorcucs  of  powor,  which  is  a.  derogatory 
supposition,  or  as  exercises  of  power  tlutt  wora  iicceaBUy 
bcuauae  species  could  not  be  otberwiae  produced,  wblcb  i* 
also  a  dciogatory  §uppoaitioa. 

§  111.  Iboeo  who  espouao  the  hypothesb  of  specinl  ere- 
aliuns,  entangle  tlicmselvcs  in  other  theological  difficultit'fl. 
This  afisuniptioa  that  each  kind  of  orgauiam  wns  epecinlly 
deeigncd,  carries  with  it  the  iiuplicullon  Uiut  the  deKignor 
intended  everything  that  results  from  the  design.  There  is 
DO  escape  from  the  admission,  thatif  orgnnisms  wereBCToraUy 
constructed  with  a  view  to  their  respective  ends;  then 
the  character  of  the  constructor  is  iudiealed  both  by  tlw 
ends  tbemselvee,  and  the  perfection  or  imperfection  with 
which  the  organisms  arc  fitted  to  thoni.  Obserre  the  con- 
sequences. 

Without  dwelling  on  tho  question  put  in  a  recent  chhp- 
tor,  why  during  untold  millions  of  years  there  existed  on 
the  Earth  no  beings  endowed  with  capacities  fur  wide 
thought  and  high  feeling,  wo  may  content  oursi-Ivca  with 
asking  why,  at  present,  the  Earth  is  largely  pcoidcd  by 
creatures  which  inflict  on  each  other,  ond  on  tliemsclvos,  ao 
much  suffering  ?  Omitting  tho  human  race,  whoao  drfcvta 
and  miseries  tlio  uurrent  theology  professes  to  acoouut  for, 
and  limiting  ourselves  to  the  lower  creation,  what  must  we 
lliiuk  of  tho  countless  different  pain-inflicting  applianc«a 
and  instincts  with  which  animals  are  endowed  P  Not  only 
now,  and  not  ouly  over  since  men  have  lived,  han  the  Earth 
been  a  scene  of  warfaro  among  all  sentient  creatures ;  but 
pulseontoliigy  nliows  us  that,  from  the  earliest  cms  gooltigi- 
cally  reconled,  thcro  hua  been  going  fin  thia  universal  cam- 
Bge.  Fossil  atructures,  in  common  with  tlio  «tructur>«  of 
exiating  animals,  show  us  rluborate  weapons  for  destroying 
other  antmala.  We  have  unmintakublo  proof  that  thnnigb* 
out  all  pnst  time,  thcro  has  been  a  perpetual  prvyinft  of  lh» 
•uporior  uu  tlio  inferior — a  Cduselcas  devouring  of  tho  weak 
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ijy  the  strong.  How  is  tMa  to  be  explained  ?  H-jw 
it  that  animals  were  so  des'gned  as  to  render  tliis  laIoo<Isht*d 
noecsdary  ?  How  happcoH  it  that  in  almost  every  species,  the 
number  of  individuals  annually  born  is  such  that  tho  ma- 
jority die  of  starvation  or  by  ^-iolcnce  before  arriving  at  ma- 
turity P  Wlioever  contends  that  each  kind  of  animal  wa» 
specially  designed,  must  assert  either  that  there  was 
ber.ite  intention  on  tho  part  of  the  Creator  to  produt 
results,  or  that  there  was  an  inability  to  prevent  tbei 
Wliicli  alternative  does  he  prefer  ?  To  cast  an  iinputatioi 
tho  divine  character,  or  assert  a  limitation  of  the  divine 
power  ?  It  is  useless  for  him  to  plead  that  the  dE»truction  of 
the  less  powerful  by  the  more  powerful,  is  a  means  of  j 
venting  the  miseries  of  decrepitude  and  incapacity, 
therefore  works  beneficently.  For  oven  were  the  chief  n 
tality  among  the  aged  instead  of  among  tho  young,  tl 
would  still  arise  the  unanswerable  question — why  were 
animals  constructed  in  such  ways  as  to  avoid  these  evila 
why  were  not  their  rates  of  mulliplication,  their  degrees  ( 
intelligence,  and  tlieir  propensities,  so  adjusted  that  thea 
suifcriiigB  might  be  escaped  ?  And  if  decline  of  vigour  b 
a  necessary  accompaniment  of  age,  why  was  it  not  providco 
that  the  organic  actions  should  end  in  sudden  death,  when- 
ever they  fell  below  the  level  required  for  pleasuruble  exist- 
ence P  Will  any  one  who  contends  that  organis 
specially  designed,  assert  tliat  they  could  not  have 
designed  so  as  to  prevent  suffering  P  And  if  he  admits  t 
they  could  have  been  made  so  aa  to  prevent  suffering,  i 
he  assort  that  the  Creator  preferred  so  making  them  as  to 
inflict  suffering? 

Even  as  thus  prescnf«d,  tlie  difficulty  is  sufficiently  j 
but  it  appears  immensely  greater  when  we  examine  tht 
more  closely.     So  long  as  we  contemplate  only  tlio  preyi 
of  the  superior  on  the  inferior,   some  good  appears  In 
eitraclt^J  from  the  evil — a  certain  amount  of  life  of  a  higher 
nrder,  is  supported  by  sacriticing  a  great  deal  of  life  rf  a 
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lover  order.     So  long,  too,  tut  wo  leave  out  uU  tnortuli^  ^'"^m 
that  wliich,  by  currj-ing  off  the  least  perfect  tuembcra  of  each. 
species,   leaves  the  most  pcrfeet  luembora  to  cotitinuo   lh6 
BpecioB ;  we  see  some  com pt'nsa ting  benefit  roathed  throagb 
the  Bufi'ering  ia£ict«<l.     But  what  shall  we  siiy  on  finilitig 
iitnunierable  cbaos  in  which  the  aiiffering  inflicted  briiiga  n 
comprnaiting  benefit  ?    \\'hat  shall  wc  say  when  wo  aoe  tli*^ 
inferior  destroying  tlio  superior?     \Vhat  sliu 
discovering  clabonito  appliances  for  securing  the  prospcri^  I 
of  orgauisms  incapable  of  feeling,  at  the  expense  of  miacrjT  J 
to  organisms  capable  of  happiness  ? 

Of  tho  animal  kingdom  as  a  whole,  mora  than  Iiolf  thfr  1 
8i>e<.-.ios   arc  jjuraaites.     "  ITie  number  of   these  parasites,'* 
suys  Prof.  Owen,  "  may  bo  conc«Ived  when  it  is  stated  tlutl 
oluioat  every  known  animal  has  ita  peculiar  species,  an^'J 
generally  more  than  one,  sometimes  us  mnuy  as,  or  t 
more  kinds  than,  infedt  the  human  Ixxly."     Passing  over  thi 
evils  thus  inflicted  on  animals  of  inferior  dignity,  let  us  Ituitfl 
ourselves  to  the  case  of  man.     Tho  Boi/iriocep/ialus  latrntM 
and  the  Ttenia  lolium,  are  two  kinds  of  tu]ic-wonn,  whic^lfl 
flourish  in  the  human  intestines  ;  producing  great  coostiU^  1 
tionnl  disturlHinces,  sometimes  ending  in  insanity ;    and  fnMB  J 
Uie  germs  of  the  Tienia,  when  curried  into  other  parts  of  tbAa 
body,  arise  certain  partially-developed  forms  knovni  ns  (^tl^fl 
cerct,  Eehinocofci,  and  Qcnuri,  which  cause  diaorganiKatio 
more  or  less  extensive  in  the  bmin,  the  lungs,  the  Uvvrd 
the  lu^rl,  Ibo   eye,  &c.,  uflen   ending  fatally  afler  lon^ 
continued   suffering.      Five   other   parusito-s,  belonging  t 
a   different   cinea,   are  found  in    the  viscera  of    man  — U 
Tritkoce{ihalm,    tho   OxyurU,  tho  Strongylun  (two  spocutVl 
the  Anrylmlomum,  and   tho  A»caris ;    which,   beyond  1* 
defect  of  nutriliuu  which  they  necessarily  cause,  somet 
induce  eertain  irritations  that  lend  to  complcta  demon 
tion.     Of  another   chiM   of  enti'toa,  belunging  to  the  t 

isien  Trematada,  there  are  five  binds  found  in  diffi 
organs  of  the  liuuum  body— (ho  liver  ani)   gall  ducla,  I 
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portal  vein,  the  intestme,  the  bladder,  the  eye.  Then  we 
have  the  Trichina  spiralis^  which  passes  through  one  phase  of 
its  existence  imbedded  in  the  muscles  and  through  another 
phase  of  its  existence  in  the  intestine ;  and  which,  by  the 
induced  disease  Trichinimsis,  has  lately  committed  such  ra- 
vages in  Germany,  as  to  cause  a  panic.  And  to  these  we 
must  add  the  Guinea-worm,  which  in  some  part  of  Africa 
and  India,  makes  men  miserable  by  burrowing  in  their  legs. 
From  this  list  of  ejitozoa,  which  is  by  no  means  complete, 
let  us  pass  to  the  epizoa.  There  are  two  kinds  of  Acari, 
one  of  them  inhabiting  the  follicles  of  the  skin,  and  the 
other  producing  the  itch.  There  are  other  creatures  that 
bury  themselves  beneath  the  skin,  and  lay  their  eggs  there ; 
and  there  are  three  species  of  lice  which  infest  the  surface  of 
the  body.  Nor  is  this  all :  besides  animal  parasites,  there 
are  sundry  vegetal  parasites,  which  grow  and  multiply  at 
our  cost.  The  Sarcina  ventricuU  inhabits  the  stomach,  and 
produces  gastric  disturbance.  The  Leptothrix  btuxalis  is 
extremely  general  in  the  mouth,  and  may  have  something 
to  do  with  the  decay  of  teeth.  And  besides  these,  there  are 
microscopic  fungi  which  produce  ringworm,  porrigo,  pityri- 
asis, thrush,  &c.  Thus  the  human  body  is  the 
habitat  of  parasites,  internal  and  external,  animal  and  ve- 
getal, numbering,  if  all  were  set  down,  some  two  or  three 
dozen  species;  sundry  of  which  are  peculiar  to  man,  and 
many  of  which  produce  in  man  great  suffering  and  not  un- 
frequently  death.  What  interpretation  is  to  be  put  on  these 
facts  by  those  who  espouse  the  hypothesis  of  special  crea- 
tions P  According  to  this  hypothesiB,  all  these  parasites 
were  designed  with  a  view  to  their  respective  modes  of  life. 
They  were  endowed  with  constitutions  fitting  them  to  live 
by  absorbing  the  jidces  of  the  human  body ;  they  were  fur- 
nished with  appliances,  often  of  a  formidable  kind,  enabling 
,  them  to  root  themselves  in  and  upon  the  human  body ;  and 
they  were  made  prolific  in  an  almost  incredible  degree,  that 
their  germs  might  have  a  sufficient  number  of  chances  of 
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finding  ilieir  wuy  Into  the  Ituiuan  body.     In  short,  elaborate 
crmtnTancca  wore  combined  to  insure  tUe  cuiitinuunco  of 
tbcir  reHpcctivti  rocca ;  and  to  rtuiko  it  inipoaaiblc  fur  tbe  8uc- 
ceasivo  ^ncmtioua  of  men  to  avoid  being  proypd  npon  by 
them.     "VVliat  shull  we  say  to  this  urrim^incnt  ¥   Shull  wu 
say  thikt  man,  "  the  hood  and  crown  of  tliiuf^,"  was  providL'd 
ss  u  liiibitat  for  tbt«c  puraaitca  ?    Or  sbull  we  say  thut  thtwi 
degraded  LTcaturos,  inciipuble  of  tliouglit  or  aijoyment,  were 
crtsitud  that  tliey  might  cause  unhaiipincas  to  man?    Oo« 
or  other  of  tbcso  alternatives  must  be  chosen  by  thoeo  who 
contend  that  every  kind  of  organism  was  eopumtely  devised 
by  the  Creator.     Which  do  they  prefer  ?  "With  tho  roncepra 
tion  of  two  antagooistiu  powers,  which  sovcnilly  *ork  gooi.l 
and  evil  in  tho  world,  ttie  facts  are  congruous  enough.     Bot  J 
with  the  conception  of  a  supremo  beneliccnce,  this  grutuitowfl 
iniliction  of  mjaciy  on  man,  in  common  with  all  other  U-rret 
triui  creatures  capable  of  fwling,  is  abeolutcly  incomjiatibls. 


S  115.     See  then  the  results  of  our  examinntion.     Tho 
belief  in  speciid  croutions  of  organisms,  is  a  belief  thut  orots 
among  men  during  tho  era  of  profoundcst  darka>^aa ;  and  it  J 
belongs  to  a  family  of  beliefs  whith  liavc  nearly  all  died  o 
M  onliglitenment  has  increased.     Tt  is  without  a  soUtaijr'l 
established  fact  on  which  to  stand;  and  when  th«  attempt il J 
made  to  put  it  into  dc-fiuite  shapo  in  tho  mind,  it  turns  out  to' 
be  only  a  pseud-idea.     This  more  verbid  hv-p<ilheaiii,  whinh 
mon  idly  accept  as  a  real  or  thinkable  hypothesis,  is  of  tho 
mino  iinturo  na  would  bo  one,  based  on  a  day's  observation  ai 
human  life,  that  each  man  and  woman  wim  KiKviully  rrrated 
— an  hj-pothesis  not  suggested  by  evideuee,  but  by  l;u-k  «( 
vTiilviicc— (in  hvpotht^sis  which  formulates  absolute  ignorHnce 
into  a  Benib|juii>(i  i>f  po«itivo  knowlctlgc.    Further,  we  see  that 
this  hypothesis,  wholly  without  sitjipiirl,  cwi-nt:ally  innincoiv- 
nble,  and  thus  fiiiling  to  satisfy  men's  int<^ne<-tiiul  nwd  of  an 
intcquretation,  fails  aim  to  satitfy   their  moral  BeutimcnL 
It  is  quito  ineonsislt-Qt  with  tbosu  conceptions  of  the  diriun 
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nature  wliich  they  profess  to  entertain.  If  infinlto  power 
was  to  be  demoiistrated,  then,  eitlier  by  the  i^>e<:iiil  cieotioa 
of  every  indiTidual,  or  by  tlie  production  of  species  after  a 
method  akin  to  that  in  which  individuals  are  produced,  it 
woidd  be  better  demonstrated  than  by  the  use  of  the  two 
methods  which  the  hypothesis  assumes  to  be  necessary.  And 
if  infinite  goodness  was  to  be  demonstrated,  then,  not  only 
do  the  pro\i8ions  of  organic  structure,  if  they  are  especiiilJy 
deyiscd,  fail  to  demonstrate  it ;  but  there  is  an  enormous 
mass  of  them  which  imply  malevolence  rather  than  bene- 
Tolence. 

Thus,  howeTCr  regarded,  the  hypothesis  of  special  creations 
turns  out  to  be  worthless  —  worthless  by  its  derivation; 
worthless  in  its  intrinsic  incoherence ;  worthlosa  as  abaolulely 
without  evidence ;  worthless  as  not  supplying  an  intellectual 
need ;  worthless  as  not  eatis^"ing  a  moral  want.  We  must 
therefore  consider  it  as  coontiiig  for  nothing,  in  opposition 
to  any  other  hypothec  respecting  the  origin  of  organic 
beings. 


CHATTER  m. 
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g  116.     JvsT  as  tlio  suppositioa  that  rat 
'CuUmL  ia  discreditod  I 


I  of  0 


I  specially  c 
oonversely,  tbe  suppositiaa  tliat  races  of  orgtuuanu  1 
boen  evolved,  ia  croditod  hy  ita  ori^^.  luatood  of  I 
B  conufiptioii  BU)^wtod  and  nitccptcd  wlicn  nmnkind  i 
profoundly  igTioraot,  it  ia  a  conception  bom  in  timoa  of  c< 
parntiTO  cnlightunnumt.  Moreover,  the  beliyf  that  all  grgi 
forms  have  arisen  in  conformity  with  uniform  laws,  inMlMwl  i^ 
of  through  hreachca  of  uniform  laws,  is  a  belief  that  hna 
come  into  existence  in  tlie  moat-instructed  class,  living  iu 
these  bott*r-instruct«d  times.  Not  among  those  who  havo 
paid  no  attention  to  the  order  of  Nature,  has  this  idea  mado 
its  appt-nmnce;  but  among  tliosc  whoso  pursuits  have  fiunil* 
ioriiicd  thorn  with  the  order  of  Niiturw.  Tlius  tho  (lerivalioa 
of  this  modem  hypoUiesis  is  as  fuvour'.blo  as  that  of  tha 
uict<.>iit  hyjtothciis  is  unfavourablo 

§  117.  A  kindri'd  antithosis  oxisla  between  the  two  fami- 
liffi  of  bt-licra,  to  which  the  beliefs  we  ore  comparing  severally 
belong.  A\^iIo  tho  Olio  fiiniily  has  Itixu  dying  out,  tho 
dtlivr  family  has  1>ocn  multipljang.  Just  as  fast  as  mca 
have  censod  to  n'gtird  diffi-rcnt  clasaca  of  (ihenaroeua  as 
I  by  epocial  jHTvonal  agents,  m  ting  irrrguWly ;  to  fast 
1  thoy  come  lo  tvgnrd  lh>i<e  difr<-rt-nt  i-lamn-*  uf  pbo- 
s  caused  by  a  {jcmcml  agency  acting  unifomtly — tlw 
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two  dittogos  l>cing  corrclatiTe.  And  us,  on  the  one  I 
thfl  hypothesis  tlint  each  species  resulted  from  a  supomatura 
act,  having  lost  nearly  all  its  kindred  hypotheses,  may  t 
expected  soon  to  become  extinct ;  bo,  on  the  other  hand,  the" 
1  ypothesis  that  each  opecies  resulted  from  the  action  of  na- 
lural  causes,  being  one  of  an  ever-increasing  family  of  hypo* 
theses,  may  bo  expecti-d  to  survive  and  becomo  established. 
Still  greater  will  the  probability  of  its  aurvival  and  cstab^ 
,  lishmont  appear,  when  we  observe  that  it  is  one  of  a  purticui 
iar  genns  of  hypotheses  that  has  boon  rapidly  extending. 
The  interpretation  of  phenomena  aa  residting  from  I'A'olution, 
lias  been  independently  showing  itself  in  various  IJelds  of 
inquiry,  quite  remote  Jrom  one  another.  The  supposition 
that  the  Solar  System  has  been  gradually  evolved  out  of  dif- 
fused matter,  is  a  supposition  wholly  astronomical  in  its 
origin  and  application.  Geologists,  without  being  led  llieret 
by  astronomical  considerations,  have  been  step  by  step  j 
vancing  towards  the  conviction,  that  the  Earth  has  reached 
its  present  varied  structuro  through  a  process  of  Evolution. 
The  inquiries  of  biologists  have  proved  the  falsity  of  the  onca 
general  belief,  that  tho  germ  of  eacb  organism  is  a  minute 
repetition  of  the  mature  organism,  differing  from  it  only  in 
btdk ;  luid  they  have  shown,  contrariwise,  that  every  organ- 
ism, arising  out  of  apparently-uniform  matter,  advances  to  its 
ultimutc  multiformity  through  insensible  changes.  Amooi 
philosophical  politicians,  there  has  been  spreading  the  j 
ceptiou  that  the  progress  of  society  is  an  evolution: 
truth  that  "  constitutions  are  not  made  but  grow,"  is  a  part 
of  tho  more  general  truth  that  societies  are  not  made  but 
grow.  It  is  now  universally  admitted  by  philologists,  that 
languages,  instcuil  of  being  urlificially  or  supemjilurally 
fonned,  have  been  developed.  And  tho  liistories  of  religion, 
of  philosopliy,  of  science,  of  the  fine  arts,  and  of  the  iuduft- 
triul  arts,  show  that  these  have  passed  through  stages  as  n 
obtrusive  as  those  through  which  tho  mind  of  a  cliild  pas 
on  its  way  to  maturity.     If,  then,  the  recognition  of  &n 
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tion  oa  the  law  of  many  dlverso  orders  of  phenomena,  ham 
been  spreading' ;  may  we  not  say  that  there  thence  arises  th« 
probability  that  evolution  will  presently  be  recognizod  as  the 
law  of  the  phenomena  we  ore  considering  ?  Each  furOior  nd* 
ranee  of  knowledge,  conhrms  the  belief  in  tho  unity  of 
Nature ;  and  the  discovery  that  evolution  has  gone  on,  or  ia 
going  on,  in  so  many  departments  of  Nature,  becomes  a  rea- 
son for  believing  that  there  is  no  department  of  Nature  in 
which  it  docs  not  go  on. 

S  118.  The  hj'potheses  of  Special  Creation  and  Erolutjoa, 
are  no  less  contrasted  in  respect  of  their  le^timacy  as  hy- 
pothosea.  While,  as  wa  have  seen,  the  one  belongs  to  that 
order  of  symbolic  conceptions  which  are  proved  to  bo  illusive 
by  the  impossibility  of  realizing  them  in  thought ;  the  other 
is  one  of  thuso  symbolic  conceptions  which  ore  mom  or  Icai 
completely  reolimble  in  thought.  The  production  of  oQ 
organic  fonua  by  the  slow  accumulation  of  modifications  opaa 
modifications,  and  by  tho  slow  divorgencca  resulting  from 
the  eontiniiiil  addition  of  differences  to  dilTerencca.  is  ment&Uy 
rqireacntable  in  outUnc,  if  not  in  detalL  Various  onlers  of 
our  experiences  enable  us  to  conceive  the  process.  Let  na 
look  at  one  of  tho  simplest. 

There  is  do  apparent  similarity  between  a  straight  line 
and  a  circle.  The  one  is  a  curve  ;  the  other  is  dotinod  a» 
withijut  curvature.  The  one  encloses  a  Bpiiaa ;  tho  other 
will  not  enclose  a  spaco  though  produced  for  ever.  The  one 
isfinito;  tho  other  may  lie  infinite  Tot,  opposito  as  the 
two  arw  in  all  their  properties,  they  may  be  connected  together 
by  a  series  of  Unea  no  one  of  wlitch  difTcra  from  the  adjacent 
onM  in  any  oi»preeiubIe  degree.  Tlius,  if  a  cone  be  cut  by 
a  plane  at  right  angles  to  its  axis,  we  get  a  circle.  If,  inatc«d 
oT  being  perfectly  at  riglit  angles,  the  plane  sutftenda  with 
the  axis  an  angle  of  89'  59',  we  have  an  ellipse  which  no 
human  Oj'e,  even  whi^n  aided  by  tm  occnntto  pair  of  compaase^ 
MO  distinguish  from  a  circle.    Decreasing  ^c  angle  minute 
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liy  minute,  the  ellipse  becomea  first  perceptibly  eccentric,  ibett- 
manifestly  bo,  and  by  and  bv  acquires  bo  immciisply  elongated 
iL  form,  as  to  bear  no  recognizable  resemblance  to  a  circle. 
By  continuing  this  priH'esB,  the  ellipse  changes  insensibly  into 
a  parabola.  On  still  further  diminishing  tha  angli 
bola  becomes  an  hyperbola.  And  finally,  if  the  cone 
made  gradually  more  obtuse,  the  hyperbola  passes  into 
straight  line,  as  the  angle  of  the  cone  approaches  180' 
here  we  have  five  ditferent  species  of  line— circle,  ellipf 
parabola,  hyperbola,  and  straight  line— each  having  its  pccn- 
liiir  properties  and  its  separate  equation,  and  the  first  and 
last  of  which  are  quite  opposite  in  nature,  connected  together 
OS  members  of  one  series,  all  producible  by  a  single  process 
of  insensible  modification. 

But  the  experiences  which  most  clearly  Olustrate  to  us 
the  process  of  general  evolution,  are  our  experiences  of 
spe<^ial  evolution,  repeated  in  every  plant  and  animal.  Each 
organism  exhibits,  within  a  short  space  of  time,  a  sericfl 
of  changes  which,  when  supposed  to  occupy  a  period  indi 
finitely  great,  and  to  go  on  in  various  ways  instead  of 
way,  give  us  a  tolerably  clear  conception  of  organic  t 
lution  in  gencraL  In  an  individual  development,  we  have 
compressed  into  a  comparatively  infinitesimal  space,  a  series 
of  metamorphoses  equally  vast  with  those  which  the  hypo- 
thesis of  evolution  assumes  to  have  taken  place  during  those 
immeasurable  epochs  that  the  Earth's  crust  tells  us  of.  A 
tree  differs  from  a  seed  immeasurably  in  every  respect — 
in  bulk,  in  structure,  in  colour,  in  form,  in  specific  gravity, 
in  chemical  composition :  dlfifers  so  greatly  that  no  visible 
resemblance  of  any  kind  can  be  pointed  out  between  them. 
Yet  is  the  one  changed  in  the  course  of  a  few  years  into  the 
otiier  :  changed  so  gradually,  that  at  no  moment  can  !t  be 
eoid — ^Now  the  seed  ceases  to  be,  and  the  tree  exists.  What 
can  be  more  widely  contrasted  than  a  aewly-born  child 
the  small,  scmi-trav  spare nt,  gelatinous  spherule  constitulj] 
the  human  ovum  P    The  infant  is  so  complex  in  etructi 
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that  n  cjclopx'dia  is  Deeded  to  describe  its  constituent  parts. 
The  gonuinul  vasiclo  is  so  simple  that  it  may  be  defined  in 
a  line.  Nevortholesa,  a  few  months  sulEce  to  devulupe  the 
one  out  of  tho  other ;  and  that,  too,  by  a  surius  of  modifica- 
tions so  small,  that  were  the  embryo  exomliiod  at  succcwuve 
minutes,  even  a  microscope  would  with  difilculty  disclose 
any  sensible  chants.  Aided  by  such  facts,  the  coucepiiua 
of  general  evolution  may  be  rendered  as  defitiito  a  concep- 
tion OS  any  of  our  complex  conceptions  can  bo  rendered.  If 
instead  of  the  Bucccssive  minutes  of  a  child's  futtnl  life,  w» 
take  successive  generations  of  creatures — if  wo  regard  tho  mc- 
ccasive  generations  as  differing  Irom  each  other  no  more  than 
the  fmtus  did  in  successive  minutes ;  our  imaginations  mnst 
indeed  be  feeble  if  we  fail  to  realize  in  thought,  the  evolu- 
tion of  the  moat  complex  organism  out  of  the  simplest  If  a 
single  coll,  under  appropriate  conditions,  hocomcs  a  man  in 
the  space  of  a  fow  years ;  there  can  surely  be  no  difficulty  in 
understanding  how,  under  appropriate  conditions,  n  cell  may, 
ia  the  course  of  untold  millions  of  years,  give  origin  to  tbo 
human  race. 

It  is  true  that  many  minds  arc  so  nn^mishcd  with  thnso 
expmonces  of  Nature  out  of  which  this  conception  is  built, 
that  they  find  difficidty  in  forming  it.  ITabituoUy  lookinf; 
at  things  rather  in  (heir  statical  than  in  tlieir  dynamical 
aspects,  they  never  realize  the  fact  that,  by  small  incromcota 
of  modification,  any  amount  of  mo<Ii6cation  may  in  time  bo 
gi'ncrated.  That  surprise  which  they  feel  on  finding  odd 
whom  they  last  saw  as  a  boy,  grown  into  a  man,  lieooniM 
incredulily  wbc-H  the  degnyj  of  clumge  is  gr(.-ut4.T.  To  such, 
tho  hypothesis  that  by  any  seriea  of  changes  a  protozoon 
should  ever  give  origin  to  a  mammal,  seems  grotcsqne— as 
grotesque  as  did  Oulilco's  assertion  of  the  Earth's  morcmont 
worn  to  the  ArirfJithiinii ;  or  ns  grotcuquo  ns  tbo  aswrtion  of 
tho  Earth's  sphericity  seems  now  to  tlie  Now  ZcaJanders. 
But  those  who  accept  a  literally- unthinkable  prupositioa  H 
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quite  satisfactory,  may  not  unnaturally  be  expected  to  make  a 
converse  mistake. 

§  119.  The  hypothesiB  of  evolution  is  contrasted  with 
the  hypothesis  of  special  creations,  in  a  further  respect.  It  is 
not  simply  legitimate  instead  of  illegitimate,  because  repre- 
8(.utablo  in  thought  instead  of  unrepresentable ;  but  it  has 
the  support  of  some  evidence,  instead  of  being  absolutely 
unsupported  by  evidence.  Though  the  facts  at  present  as- 
signable in  direct  proof  that  by  progressive  modifications, 
races  of  organisms  that  are  apparently  distinct  may  xesult 
from  antecedent  races,  are  not  sufficient ;  yet  there  are  nu- 
merous facts  of  the  order  required.  It  has  been  shown 
beyond  all  question  that  unlikenesses  of  structure  gradually 
arise  among  descendants  from  the  same  stock.  We  find  that 
there  is  going  on  a. modifying  process  of  the  kind  alleged  as 
the  source  of  specific  differences :  a  process  which,  though 
slow  in  its  action,  does,  in  time,  if  the  circumstances  demand 
it,  produce  conspicuous  changes — a  process  which,  to  all 
appearance,  would  produce  in  the  millions  of  years,  and  under 
the  great  varieties  of  conditions  which  geological  records 
imply,  any  amount  of  change. 

In  the  chapters  on  "Heredity"  and  "Variation,"  con- 
tained in  the  preceding  Part,  many  such  facts  were  given ; 
and  plenty  more  might  be  added.  Although  comparatively 
little  attention  has  been  paid  to  the  matter  until  recent  times, 
the  evidence  already  collected  shows  that  there  take  place  in 
successive  generations,  alterations  of  structure  quite  an 
marked  as  those  which,  in  successive  short  intervals,  arise  in 
a  developing  embryo — ^nay,  often  much  mor»  marked ;  since, 
besides  differences  due  to  changes  in  the  relative  sizes  of 
parts,  there  sometimes  arise  differences  due  to  additions  and 
suppressions  of  parts.  The  structural  modification  proved 
to  have  taken  place  since  organisms  have  been  observed,  is 
not  less  than  the  hypothesis  demands — bears  as  great  a  ratio 
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to  tliis  1>rief  period,  as  iha  total  amount  of  Btructnrol  changfi 
Been  m  the  evolution  of  a  complex  organism  out  of  a  simple 
germ,  bears  to  that  vast  period  during  wliicli  living  funuft 
have  existed  on  the  Earth. 

We  have,  indeed,  much  the  some  kind  and  quantity  of 
direct  evidence  that  all  organic  heinga  have  gTadually  arison 
through  the  sctiona  of  natural  cuusoa,  whicli  we  ba>'0  that  all 
the  structural  comploxitiea  of  tho  Earth's  crust  have  orison 
through  the  actions  of  natural  causes.  It  may,  I  think,  be 
fairly  said,  that  between  tho  known  modifications  andcrgoneby 
organiams,  and  the  totally  of  modifications  displayed  in  their 
structures,  there  is  uo  greater  disproportion  than  between  tho 
gM>logical  changes  which  have  been  witnessed,  and  the  to* 
tality  of  geological  changes  supposed  to  be  similarly  caosed. 
IXero  and  there  are  pointed  out  sedimentary  deposits  now 
slowly  toldng  placo.  At  this  place,  it  Is  proved  tliat  a  shoro 
lifis  been  encroached  on  by  the  sea  to  a  considerablo  extent 
within  recorded  times ;  and  at  another  place,  an  eetuary  is 
known  to  bare  become  shallower  within  tho  space  of  some 
gtmcrations.  In  one  region  a  general  upheaval  is  going  on 
at  the  rato  of  a  few  foet  in  a  century ;  while  in  another 
region  occasional  earthquakes  are  shown  to  cause  slight 
variations  of  level.  Appreciable  amounts  of  denudation  by 
water  ore  visible  in  some  localities ;  and  in  other  locolitio* 
glaciers  arc  detected  in  the  act  of  grinding  down  the  rocky  sur- 
faces over  which  they  glide.  But  the  changes  thus  instanced, 
axv  inlinitosinial  compared  with  the  aggregate  of  changes  tc 
which  tho  Earth's  cruet  testifies,  even  'in  its  still  extant  *y» 
lems  of  strata.  If,  then,  from  tho  small  changes  now  bciDg 
wrought  on  the -Earth's  crust  by  natural  agencies,  wo  may 
legitimately  conclude  that  by  such  natund  agencies  Hcting 
through  vast  (.'poclis,  all  tho  structural  complcxiUM  of  the 
Earth's  crust  havo  been  product-d;  may  wo  not  from  the 
nmull  known  modificaliooB  produced  in  races  of  organism* 
by  natural  ageucico,  similarly  infer  that  &om  natunil  ngi^n- 
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s  IiHTfl  slowly  arisca  all  those  structural  complexities  wliJ 
we  Boe  in  them  P 

The  hypothesis  of  Evolution  then,  haa  direct  support  £ 
facta  which,  though  small  in  amount,  arw  of  the  kind  requiredj" 
and  the  proportion  wHl'Ii  these  facta  bear  to  the  conclusion 
drawn,  seems  as  great  as  is  the  proportdoQ  between  facts  and 
conclusion  which,  in  another  case,  produces  acceptance  of  tl 
conclusion. 


§  120.  Let  us  put  ourselves  for  a  moment  in  the  position 
those  whi),  from  their  experiences  of  human  modes  of  action, 
draw  infereniKs  respecting  the  mode  of  action  of  that  ultimate 
power  manifested  lo  us  through  phenomena.  We  shall  lindj 
tlio  supposition  that  eiu-Ji  kind  of  organism  was  sepurutel4 
dctiigned  and  put  together,  to  be  much  less  consistent  wifl 
tlioir  profossed  conception  of  this  ultimate  power,  than  is  the* 
supposition  that  all  Idnds  of  or<ranIsma  havti  resulted  fivm 
wue  unbroken  process.  Irregularity  of  method  is  a  mark  of 
weakness.  Uniformity  of  method  is  a  mark  of  strength.  Con 
tinual  iutcrposition  to  alter  a  pre-arranged  set  of  action^ 
implies  defe<;tive  arrangement  in  those  actions.  The  n 
tonance  of  those  actions,  and  the  working  out  by  them  of  the 
highest  results,  implies  completeness  of  arrangement.  If 
human  workmen,  whose  machinca  as  at  first  constructed 
require  perpetual  adjustment,  show  their  increasing  skill  by 
making  their  machines  self-adjusting  ;  then,  those  who  figure 
to  themselves  the  production  of  the  world  and  ita  inhabitants 
by  a  "  Great  Artifieei","  must  admit  that  the  achievement  oi 
tliia  end  by  a  persistent  process,  adapted  to  all  contingenci 
implies  greater  skill  than  Its  achievement  by  the  process  Q 
meeting  the  contingencies  as  they  severally  arise. 

So,  too,  it  is  with  the  coDtrast  under  Ha  moral  aspect, 
•aw  that  to  the  hypothcsia  of  special  creations,  a  difi]c\iln| 
is  presented  by  the  ubscnre  of  high  fonns  of  life  during  thai 
immeaaurable  epochs  of  the  Earth's  existence  which  giniloj 
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Ti.'cordB.  But  to  the  h}~pothesia  of  oToIution,  this  abacnoe  ia 
no  Huch  obetuclc.  Suppose  oTolutioii,  and  tliU  question  u 
necessarily  excluded.  Suppose  epeciol  crcationa,  uud  tliu 
qui'stiun,  unavnidubly  raised,  ckii  liave  do  satisfactory  no- 
ewer.  Still  more  marked  ia  this  contrast  but  ween  tli« 
two  hypotheses,  in  preaeuce  of  that  vnat  amount  of  Buf- 
fering euttiilod  ou  all  orders  of  sonticnt  beings,  by  chvir 
imperfect  odaptatious  to  their  conditions  of  life;  and  the 
further  vast  amount  of  suffering  entailed  ou  tbcm  by  ouenuctf 
and  by  parasites.  Vi'o  saw  that  if  orgauisnifl  wore  MTvralty 
designed  lor  their  respective  places  in  Mature,  tlie  inevitoblo 
eonclusion  is,  tliut  theso  tbousouds  of  kinds  of  inferior  orgaa- 
i.%iiis  whieh  priy  upon  superior  organisina,  were  iiileudud  to 
iollict  all  tlio  iwiin  and  mortality  which  results.  But  the  hy- 
pothesis of  evolution  involves  us  in  no  such  dilemma.  Slowly, 
but  surely,  evolution  brings  about  ou  increasing  amount 
of  happiiK-ss :  all  evils  being  but  incidental.  By  its  auiea- 
tiul  nature,  the  process  must  cver^-where  produco  greater 
Hliiess  to  the  conditions  of  existence ;  be  they  what  they  may. 
Applying  alike  to  the  lowest  and  the  highest  forms  of  orgui* 
iK.iltoii.  there  is  in  all  cases  a  progre^iive  adaptation;  and  • 
•arrival  of  the  most  adapted.  If,  in  the  uniform  working 
cut  of  the  procoBs,  there  are  evolved  organisms  of  low  typM^ 
which  prey  on  Uiosc  of  higher  tj-pes,  the  evils  inflicted  fi>mi 
but  a  deduction  from  the  average  bt-ucfita.  Tlie  universul 
and  ucccsBury  tendency  towards  supremacy  and  multiplics- 
lion  of  the  best,  applying  to  the  organic  creation  as  a  wboU 
as  well  OS  to  each  species,  is  ever  dinunisliin^  tho  dunago 
duiiu — tiii<ls  over  (u  maintain  those  most  superior  orgnniamt 
which,  iu  OHO  way  or  other,  e«cai>o  the  invasions  of  iho  infe- 
rior, and  so  tends  to  produce  a  ty|)e  less  Uiihlu  to  Iho  tnv*- 
sionH  of  the  inferior.  Thus  the  evils  aceompanyiag  citoIih 
ttoti  itrc  over  being  Belf-eliminatcd.  Though  there  may  mm 
the  questiou  —  Why  could  they  not  have  been  nvoidedf 
tiiere  does  not  ariao  the  question — M'hy  were  they  dcliber* 
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ately  inflicted  P     Wliatever  may  be  thought  of  thcni,  it  il 
oleu  tliat  they  do  not  imply  gratuitous  malevolence. 

$  121.     In  all  roapecta,  tlien,  tte  hypothesis  of  erolutioin 
contrusta  favourably  with  the  hypotheaia  of  special  crcution. 
It  has  ariaon  in  comporatiyely-instractod  times,  and  in  ttu 
moat  cultivated  class.     It  is  one  of  those  beliefs  in  the  uni-B 
form  concurrence  of  phenomena,  which  are  gradually  eup*J 
planting  beliefs  in  their  irregular  and  arbitrary  coneurrenco  jF 
and  it  belongs  to  a  genua  of  these  belicfa  which  has  of  lata| 
been  rapidly  spreading.     It  is  a  definitely-conceivable  hyj 
thesis :  being  simply  an  extension  to  the  organic  world  i 
large,  of  a  conception  built  from  our  experiences  of  indi  vidua 
organisms ;  just  as  the  hypothesis  of  miiveraal  gravitatiott^ 
was  an  extension  of  the  conception  which  our  cxpericnceii 
of  Ixtrrealrial  gravitation  had  produced.     This  definitcly-c 
ccivable  hj-pothesis,  besides  the  support  of  numerous  ana- 
logies, has  the  support  of  direct  endence :    we  have  positivo 
proof  that  there  is  going  on  a  process  of  the  kind  alleged  j 
and  though  the  results  of  this  process,  as  actually  witnessed, 
are  minute  in  compariaon  with  the  totality  of  results  ascribed 
to  it,  yet  they  bear  to  such  totality,  a  ratio  as  great  as  that  by 
which  an  anulogoua  hypothests  is  justified.    Lastly,  that  senti- 
ment which  the  doctrine  of  special  croationa  ia  thought  neces- 
sary to  satisfy,  IB  much  better  satisfiLMl  by  the  doctrine  of  evolu- 
tion ;   since  this  doctrine  raises  no  contradictory  imjilications 
respecting  the  Unknown  Cause,  such  as  are  raised  by  the 
antagonist  doctrine. 

And  now,  having  observed  how,  under  its  most  gencn 
aspects,  the  hypothosia  of  evolution  commends  itself  to  i 
by  its  derivation,  by  its  coherence,  by  its  analogiea.  by  i 
direct  evidence,  by  its  implications ;  let  us  go  on  to  considi 
the  several  orders  of  facts  which  yield  indirect  supjMrt  to  & 
Wo  will  begin  by  noting  the  harmonies  that  exist  betnef 
if,  and  sundry  of  the  inductions  set  forth  in  Part  II. 
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I  lti'2.  In  §  103,  we  saw  that  the  relutioiu  which 
among  tlie  e]»ecie8,  gcnoro,  orders,  and  classes  of  orgnnim^ 
»ro  not  iuterpretable  as  rcsulu  of  any  such  caiisca  aa  hsTe 
b<*eii  usually  iwaigned.  We  will  hero  consider  wlu'thcr  they 
are  lutcrprotuble  as  the  results  of  evolution.  I^ct  uji  first 
conlvmiilate  some  (amiliur  liicts. 

The  Norwuginns,  Swedes,  Danes,  Qennans,  DutL'b,  imd 
Anglii-Sdxoiis,  funn  together  a  grouj)  rjf  ScuiiiliuHviiui  iwxa, 
tlint  an)  but  slightly  divergent  in  their  chamrt^^rs.  Wrlah, 
Irish,  and  Highlanders,  though  they  have  differences,  huvo 
not  ditfcrences  such  as  to  hide  a  decided  ('immunity  of  na- 
tures :  they  are  classed  togethor  as  Celts.  Bctw«cD  tho 
Scandinavian  race  as  a  whnlo  and  the  Celtic  race  as  • 
whole,  there  is  a  recognised  distinction  greater  tliau  tJiat 
between  the  euh-di visions  which  make  up  one  or  the  oUin-. 
And  the  »cverol  pi^oplca  inhabiting  Soulhem  Eiimi>u  arc  taam 
nearly  allied  t»  one  another,  than  the  aggregate  ihvy  form  14 
allied  to  the  n<^gTrgat<»  of  Kurthem  peoples.  If,  agun,  wa 
Minp«ro  ihiwo  Kurupoan  varieties  of  man  taken  aa  a  group, 
with  that  group  of  Kastem  Tarietics  which  had 
origin  with  it,  we  see  a  Btrongor  contrast  than  between 
European  \iirit!ties  thenisi'lvcs.  And  once  more, 
giata  find  diCTorBnci?*  of  still  higher  importance,  Iwlween  tlw 
Aryan  itoclc  n»  a  whole  and  tlie  Mongolian  stock  as  a  whohlh 
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the   Negro   stock  as  a  wbole.     Though  these  coDtrosts 
e  partially  dbscurcd  by  iQt«rmiitiire« ;  yet  they  art)  not  so 

[- obscured  aa  to  hide  the  truths  that  the  moat-nearly-alliod 
varieties  of  man,  ure  those  which  diverged  from  one  ano- 

I  tlier   at  a  comparatively-recent  period ;    that  each   group 
of  nearly-allied  varieties,  ia  more  strongly  contrasted  with 

1  other  such  groups  that  had  a  common  origin  with  it  at  n 

I   remoter  pcritd ;    and  so  on,  until  we  come  to   the  largesfcB 
groups,  which  are  the  most  strongly  contrasted,  and  of  whoM  I 

I  divergence  no  trace  is  extant. 

The  relations  existing  among  the  classes  and  anb^classes 
of  hmguages,  have  been  briefly  referred  to  by  Mr  Darwin,  in 
UIuBtratiou  of  his  nrgumeut.  We  know  that  languages  havo 
arisen  by  evolution.    Let  us  then  see  what  grouping  of  them 

I  evolution  has  produced.     On  comparing  the  dialect*  of  adja- 

'   cent  coimties  in  England,  we  find  that  their  differences  are  so 
sniail  as  scarcely  to  distinguish  them.     Between  the  diuleeta 
of  the  Xorthem  counties  taken  together,  and  those  of  the 
Southern  counties  taken  together,  the  contrast  is  stronger^ 
These  clusters  of  diulects,  together  with  those  of  Scotland  an^T 
Ireland,  are  nevertheless  so  similar,  that  wo  regard  thom  tia^ 
one  language.     The  several  languages  of  Scandinavian  Eu- 
rope, including  English,   are  much  more  unlike  one  ano- 
ther, Uian  are  the  several  dialects  wbieh  each  of  them  in- 
cludes ;  in  correspondence  with  the  fact  that  tliey  diverge 
fix>ra  one  anoihor  at  earlier  periods  than  did  their  rospcctiv 
dialects.     Tlio  Scandinavian  languagm  have  nevertbeleBs  I 
certaincommunilyof  character,  which  distinguiahos  them afl  9 
group   from   tlio  languages  of  Southern  Europe;   between 
which  thero  are  general  and  special  affinities  that  similarly 
Uiiita  them  into  a  group  formed  of  sub-groups  containing  mib- 
Bub-groups.    And  this  wider  divergence  between  the  order 
of  languages  spoken  in  Xorthem  Europe,  and  the  order  of 
languages  spoken  in  Southern  Euro]>e,  answers  to  the  longej^ 
time  that  has  elapsed  since  their  differentiation  commcnceif 
Further,  these  two  orders  of  modem  European  languages,  ■ 
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vol!  as  Latin  and  Greek  and  certain  extinct  and  t 
languages  of  the  East,  arc  shown  to  haro  tniita  in 
conunou,  which,  notwithstanding  tlio  vnile  gaps  botwocn 
thoiu,  unite  them  together  as  one  grout  clitss  of  Aryan  lon- 
guugos;  radically  distinguished  &om  the  claasos  of  lau> 
guagos  spokon  hy  tlie  other  great  dirisioiu  of  the  hontui 


ji  123.  Now  this  kind  of  subordination  of  groups,  vhuJi 
ve  sw  arises  in  tlie  course  of  coalinuuua  descent,  mnltipliu^ 
tiou,  and  divergence,  is  just  the  kind  of  eubordinatloa  of 
groups  which  plants  and  iiniiuula  exhibit :  it  is  jtist  thit 
kind  of  subordination  which  has  thrust  itself  on  the  attentioo 
of  nuturulists,  in  spite  of  pre-concoptiuns. 

Tho  original  idea  was  that  of  arnirigumont  in  linear  order. 
VTv  saw  that  oven  after  a  considerable  acquointiutce  with  tho 
structures  of  orgouisuis  had  been  acquired,  naturalints  c«ni* 
tiuued  their  efforts  to  rwoncilo  the  fiicU  with  tJio  nation  of  m 
imi-8crial  succession.  Tho  accumulation  of  evidence  nocaaHi* 
tutod  the  breaking  up  of  the  imagined  chain  into  grouja 
and  Bub-gruups.  (jnidually  there  aro«  tho  conviction  tliat 
these  groups  do  not  admit  of  being  placed  in  a  Hue.  And  tlio 
conception  finally  arrived  at,  is,  that  of  certain  great  aub- 
kingdomii,  very  widely  divergent,  eoch  made  up  of  cloaaoa 
much  less  widely  divergent.,  severally  containing  ordcn  still 
loss  divergent;  and  so  on  with  genera  and  speetco.  Tha 
lUugram  on  page  303,  shows  tlio  general  relations  of  iLcao 
divisiona  in  their  degreoa  uf  subordination. 

lli-nci-  this  "grand  fact  in  natural  historj- of  the  subordirui- 
tiim  of  group  under  group,  which  fnini  ilH  fomiliarily  does 
not  always  suHieienlly  striicu  uk,"  is  perfectly  in  hiinnony 
with  the  hypothesis  of  cviilutiuu.  I'be  extreme  significance 
of  this  kind  of  relation  among  organic  foniM,  is  dwelt  on  by 
Mr  Dniwin;  who  shows  how  un  onlinory  |!vn>-uln;;ical  tnw 
rvproseuts,  on  a  snuill  scale,  a  syiiti-tu  of  grouping  onalogotu  to 
that  which  exists  among  organisms  iu  general,  and  which  u 


THE  AKatlMESTS   FROM   CLASSIFICATION,  359'| 

dSploined  on  tho  supposition  of  a  genealogical  tree  by  vhia 
b11  orgaiiiama  aro  uftiliatod.  If,  wherever  we  cai 
direct  descent,  multiplication,  and  diverguiice,  litis  furmaliai 
of  groupa  within  groups  tokca  place;  there  results  n  strong" 
prosiimptiou  that  tlie  groups  within  groups  which  constituta 
tlio  animal  and  vegetal  kingdoms,  have  onsen  hy  direct 
deeceut,  multiplication,  and  divergence — that  is,  by  evolu-s 
tion. 

%  124.  Strong  confirmation  of  this  inference  ia  fumishoj 
by  the  fact,  that  the  more  marked  ditfercnceB  which  divi 
groups,  are,  in  both  cuaes,  distinguished  from  tho  loa 
inoi'ked  diifereucea  which  divide  aub-groups,  by  this,  that 
they  arc  not  simply  greater  in  degree,  but  they  are  more 
radical  in  kirnl.  Objects,  as  the  stars,  may  present  thtjin- 
Bclves  in  small  clusters,  which  are  again  more  or  less  nggt 
gaf*d  into  clusters  of  clusters,  in  such  manner  that  iht  i 
dividuals  of  each  simple  clostor,  are  much  closer  togethai 
than  are  the  simple  clusters  com.po8iug  a  compound  cluster  J 
in  which  caso,  tho  kinship  that  unites  groups  of  groupT 
ditt'era  from  the  kinship  that  unites  groups,  not  in  iiature 
I  but  only  in  ciinount.  But  this  13  not  the  case  either  with 
the  group*  and  sub-groups  which  we  know  havo  resulted 

I  from  evolution,  or  with  those  which  wo  here  infer  liave  n>._ 
BuIte'I  from  evolution.     Among  these,  we  find  tho  highoj 
or  moat  gmpral  cltissM,  aro  separated  from  one  another  b 
fundamental  ditfercnooa  that  have  no  common  meosuro  ^ 
the  diifcroncea  that  scpanf©  small  eludes.     Observe  the  pa- 
railolisin. 
Wo  saw  that  each  sub-kingdnin  of  animals  is  marked  oft 
from  the  other  anb-kingdoma,  by  a  total  utilikenoss  in  i 
plan  of  orgiuiixatiou ;  that  i»,  tho  members  of  any  sub- kingdom 
are  bound  together,  not  by  some  superiieiul  attribute  whicl 
they  all  havo,  but  by  eomo  attribute  determining  the  genera 
nature  of   tUeir  organiscationa.       AVTiilo,  oonlrnriwise, 
Uu.-mlK'ra  of  the  Einallest  groups  arc  united  together,  and  i 
puratod  from  the  members  of  other  small  t:roui).-i.  bv  nioili 
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Goatious  whicli  dg  not  affoct  tlio  e^aeatial  rektionB  of  partly 
Tbut  thia  is  just  the  kind  of  arrunt^meat  wliicli  results  iron 
Gvulution,  the  case  of  laaguagcs  wiii  eliow. 

If  we  compiurc  the  dialucts  spoken  in  diflcrent  part)  of 
England,  wb  find  scarcely  auy  dilieronces  but  those  of  pn>- 
uunciaLion :  the  structures  of  the  sentences  ara  aluuwt 
uuilbrm.  Between  English  and  the  allied  modem  language^ 
there  ore  decided  divergences  of  structure :  there  are  oomo 
unlikenessL-s  of  idiom ;  some  unlikenesscs  in  the  ways  of 
modif)dng  tho  meanings  of  vorbs ;  and  considurahlo  unlike- 
oesses  in  the  uses  of  genders.  But  these  nulikcnessca  arc  not 
sufficient  to  hide  a  general  community  of  orgunizutioo.  A 
greater  contnut  of  structure  esiat*  between  theftc  modem  lan- 
guages of  Western  Europe,  and  tho  classic  langnngcs.  That 
dillercntiutioa  into  abstract  and  concrete  elements,  whieb  is 
shown  by  the  substitution  of  auxiliary  words  for  inflocticius, 
has  produced  a  higher  specialization  distinguishing  tluMO 
languages  as  a  group  from  tho  oldor  languages.  Ncverth^ 
less,  both  the  ancient  and  modem  languages  of  Europv,  t<^ 
gotlier  wtlh  sooie  Eastern  lunguages  derived  from  tha  a&no 
originul,  have,  under  all  their  ditlbrencea  of  orgastsadon,  b 
i\mdamental  community  of  organization  ;  inasmuch  as  all  of 
thorn  exhibit  tho  fonuiitton  of  words  by  such  a  cualoeconoe 
and  tntegrutiou  of  roots  us  d{«troys  the  independent  meanings 
of  tho  loots.  These  Aryan  languages,  and  others  which 
have  the  omnigamalu  character,  are  unJt'Cd  by  it  into  a  clan 
distinguished  from  the  aptotic  and  offglutlaate  languages  ;  in 
which  the  roots  are  eitliei  not  unitod  at  all,  or  so  iui-omplctely 
ujiited  th.it  one  of  them  still  retains  its  ludepenilont  meaning. 
Aiul  philologists  find  thitt  these  fundamental  di[fen<n<x-a  which 
severally  determine  the  grammatical  fonns,  or  modes  of  com> 
bining  idoiui,  are  really  eharaeteristic  of  the  primary  dirtaiou 
among  languages. 

That  is  to  say,  among  languages,  where  wo  know  that 
CTuhition  has  boen  going  on,  tho  grt»tc8t  groups  am  mnrknl 
off  from  one  another  by  the  stf  ingest  structural  contnuta ; 
Aod  M  lb«  bka  hokii  tmtmg  gnmu  of  omaiaaa,  than  tm^ 


L  tults  a  further  reason  for  inferrmg  that  these  have  I 
1  evolvi;d. 


i  \25.  There  is  yet  another  parallelism  of  Hke  moauing, 
We  saw  (§  101)  that  the  sueuessively-Hubordiuato  classes 
orders,  genera,  and  speciua,  iiito  which  zoologists  and  i 

I  istti  segregate   aiiiiuals  and  plants,   have  not,   in   reality, 
those  definite  values  conventionally  given  to  them.    There  oiii 

^  well-Tuarked  species,  and  species  so  imperfectly  definod  that 
certain  Bystematiats  regard  them  us  varieties,  lietweeu 
genera,  strong  contrasts  exist  in  many  cases  ;  and  in  other 
crimes,  contrasts  su  much  less  decided  as  to  leave  it  douhli'ul 
whether  they  confltitutc  generic  distinctions.  So,  too,  i 
with  orders  and  classes  ;  in  some  of  ■which  there  have  h 
introduced  intfrmediate  sul)-di\'i8ioas,  having  no  equtvulei 
in  others.     Even  of  the  sub-kingdoms  the  some  truth  hold 

I  The  contrast  hetwcen  the  Mulliw-oida  and  the  Mollunca,  is  fi 
less  than  that  between  the  Molluscii  and  the  Aimuloga ; 
there  are  naturalisU  who  think  that  the  yertcbraia  ai 
much  more  widely  separated  from  the  other  aub-kingdom 
than  these  are  from  one  another,  that  the  Vertebrata  shoi 
have  a  classifie-atory  value  equal  to  that  of  all  the  othor  si 
kingdoms  taken  together. 

Now  just  this  same  indefinitcncas  of  value,  or  tncompletg 
ness  of  equivalence,  is  observable  in  those  simple  and  c 
pound  and  re-compound  groups,  which  we  see  arising  I 
evolution.  In  every  case,  the  endeavour  to  arnmgo  1 
divergeut  products  of  evolution,  is  met  by  a  diificulty  like 
that  which  would  meet  the  endeavour  to  classify  the 
brunches  of  a  tree,  into  branches  of  the  first,  second,  third,  _ 
fourth,  &c.,  orders — l-he  difficulty,  namely,  that  brand 
ilitei'mc<liat«  degrees  of  composition  exist.  The  iUustrutio^ 
ftirnUhcd  by  languages  will  serve  us  once  more.  Some  a 
lei-tsiif  UngHsh  are  but  littlo  contrasted;  others  are  st 
contrasted.  The  alliances  of  the  sereral  Scandinavian  i' 
irith  ono  another  axo-  different  in  degree.     Dutch  is  miK 
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leas  distinct  from  German  than  Swi-iliali  ia 
tho  Danish  aud  Swodifih  Lhero  U  so  close  a  k 
might  almost  bo  regarded  us  videly-divcrgent  dialectlL 
Stinilurly  on  comparing  the  lur^r  di^'isious,  we  bco  that 
the  various  languages  of  the  Aryan  stock,  havo  dcviutrd 
from  Ihe  original  to  very  unlike  distances.  Tho  grnotal 
onchiaion  is  iiiauift^t,  "Wlulo  the  kinds  of  human  spocdi 
full  into  groupa,  and  sub-groups,  and  sub- sub-groups ;  yet 
tho  groups  are  not  equal  to  one  another  in  value,  nor  huTc 
the  sub-groups  eqiml  values,  nor  the  sub-sub-groups. 

If,  then,  the  elassification  of  organisms  results  in  aoTcral 
orders  of  assemblages,  such  that  assemblages  of  fho  Kune 
order  are  but  indcfiniti-ly  e<iui*-alent ;  and  if,  whera 
evolution  is  known  to  have  taken  place,  there  have  arixoo 
ossemhlagea  between  which  tho  equivalence  is  similarly  in- 
deBnito ;  there  is  additional  reason  for  inferring  that 
organisms  are  products  of  evolution. 


S  12G.  A  fact  of  much  signilicance  remains.  If  groups 
of  organic  forms  have  arisen  by  divi-rgcnce  and  re-tlivor- 
gonce ;  and  if,  while  the  groups  have  been  developing 
frotn  simple  groups  into  compound  groups,  each  group  uid 
sub-group  has  boon  giving  origin  to  m[>ro  complex  forms 
of  its  own  typo ;  thon  it  is  inferable  that  there  onco  itx- 
inU«l  greater  slruclural  likenesses  between  tho  mombers  ot 
ulUi-'d  groui>8,  than  exist  now.  Hunce,  if  wo  (ako  the 
simplest  ntembers  of  any  group  to  be  those  wlueh  hftvs 
undergone  the  least  change  ;  wo  nmy  expc-ct  to  find  a  greater 
likeness  between  them  and  the  simplest  members  of  an  olUod 
group,  than  wo  find  between  tlie  mor«  complex  memben 
of    tho    two    groups.     This,   speaking    generally,  proves  tu 

Uetween  tho  sub-kingdoms,  tho  gnjM  are  extremely  wide ; 
but  such  distant  kinships  as  may  be  diseeniod,  bear  out  nil* 
tii;i])ntii>n.  Sjx-iiking  of  tliut  cxtremcIy-degradM  vertobnla 
animal  the  Amj-hlAivii,  which  hut  several  moUuseoos  tl 
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tD  its  organization,  Dr  Carpenter  remarks,  that  it  "  fiiraislica 
an  apt  illustratioD  of  another  important  fact,  that  it  is  by 
the  loifvet  rather  than  by  the  highest  forms  of  two  nataral 
groups,  that  they  are  brought  into  closest  relation."  What 
are  the  faint  traces  of  community  between  the  A>jnv!o»a.  and 
ihe  Molliixea?  They  are  the  thread-eella  whicli  some  of 
their  inferior  groups  have  in  common  with  tho  C'rlenlerata. 
More  decided  approximations  exist  between  the  lower 
members  of  chtsses.  In  tracing  down  tho  Cntftni-ea  and 
the  Arachnida  from  their  more  complex  to  their  simpler 
forms,  zoologists  meet  with  diEGcuIlice :  respecting  some  of 
these  simpler  forms,  it  becomes  a  question  which  tlass  tlicy 
belong  to.  The  LcpiJosircn-,  about  which  there  have  I 
disputes  whether  it  ia  a  fiah  or  an  amphibian,  is  inferior  in  tl 
organization  of  its  skeleton,  to  tho  great  majority  of  I 
fishes  and  amphibia.  Widely  as  they  differ  from  them,  t 
lower  mammals  have  some  characters  in  commoa  with  birdl 
which  the  higher  mammals  do  not  possess. 

Now  since  this  Imid  of  relationship  of  groups  is  not  nc- 
comited  for  by  any  other  hypothesis,  while  tho  hjijothcsia  of 
evolution  gives  us  a  clue  to  it ;  wo  must  include  it  among  the 
evidences  of  this  hj'potbesis,  which  the  facts  of  clussificaliM 
furnish. 

S  127.  What  shall  wo  say  of  these  several  leading  trutl 
when  taken  together?     That  naturalists  Lave  been  graduoUj] 
toinpelled  to  arrange  organisms  in  groups  within  groups;' 
and  that  this  is  the  arrangement   which  we  see  arises  by 
descent,  alike  in  indi^-idual  families  and  among  races  of  men, 

a  striking  circumstance.  That  while  the  smallest  groups 
arc  tho  most  nearly  related,  there  exist  btwetu  ibo  | 
lub-kingdcims,  structural  contrasts  of  the  profoimdcst  J 
cannot  but  impress  us  us  remarkable,  when  we  see  llmt  whcj 
il  is  known  to  take  plate,  evolution  actmdly  produces  lliefl 
fc«bly-distingiiislied  small  proiips,  and  Iheso  strongly-d 
tinguiahed  grt-ut  groups.     Tlic  impressinn  mode  by  these  t 
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puruIloUsma,  wHcli  iidd  meanmg  to  eacli  other,  ia  deepened 
by  tbe  tUird  pitruUelism,  wlilcli  onforcos  the  meaning  of  both 
—the  pitntUolism,  namely,  tliat  as,  between  the  spaaiee, 
genera,  orders,  classes,  &c.,  which  naturalista  hnvo  formed, 
them  arc  trau-utioaal  gradutiooa;  so  betwvcn  thu  grunpc, 
euH-groups,  juid  Bub-Bub-groups,  which  wo  know  to  hava 
boon  evolved,  groups  of  intennediato  Tallies  exisL  Aud 
these  three  correspondences  between  the  known  results  of 
evolution,  and  the  results  hero  afieribed  to  evolution,  have 
further  weight  given  to  them  by  the  circumstance,  th«t  the 
kinship  of  groups  through  their  lowest  members,  ia  juat  Hut 
kinship  which  the  hypothesis  of  evolution  impUea. 

Even  in  the  absence  of  these  specific  ngrocmont«,  tho  bnwd 
fuct  of  unity  amid  multiformity,  which  orgiuiisms  ao  atrik. 
ingly  diapUy,  is  strongly  suggestive  of  evolution.  Freeing 
ounfclves  from  prc-conceptions,  we  ahull  see  good  nooon  to 
tliiikk  with  Mr  Darwin,  "  that  propinquity  of  descent — Uie 
only  known  cause  of  the  similHrity  of  organic  beings — is  the 
bond,  hidden  as  it  is  by  various  degrees  of  moditication,  which 
is  piirtly  revealed  to  us  by  our  elassilicationit."  flThen  wo 
consider  that  this  only  knowu  cuuso  of  similarity,  joined  with 
tlie  only  known  cause  of  divcrg^^'nce,  which  we  have  in  the 
influcnco  of  conditions,  gives  us  a  key  to  these  likenesaos 
oI>s(:ured  by  unlikcuesses,  1o  which  no  consistent  iuterprcta- 
lioii  can  otherwise  be  given,  even  if  purely  hypothetical 
cunses  be  admitted;  wo  chilli  sec  that  wera  there  none  of 
those  very  remarkable  harmonies  above  point«d  out,  Hm 
truths  of  clussilicution  would  still  yield  strong  support  to  ouz 
doucluoioa. 


CHAPTER  ¥• 

TH£   ARGUMENTS    FBOM   EMBBYOLOOr. 

$  12S.  TuERS  was  briefly  set  forth  in  §  52,  a  remarkable 
induction  established  by  Von  Baer ;  who  "  found  that  in  its 
earliest  stage,  every  organism  has  the  greatest  number  of 
characters  in  common  with  all  other  organisms  in  their 
earliest  stages  ;  that  at  a  stage  somewhat  later,  its  structure 
is  like  the  structures  displayed  at  corresponding  phases  by  a 
less  extensive  multitude  of  organisms ;  that  at  each  subse- 
quent stage,  traits  are  acquired  which  successively  distin- 
guish the  developing  embryo  from  groups  of  embiyos  that  it 
previously  resembled — ^thus  step  by  step  diminishing  the 
class  of  embryos  which  it  still  resembles ;  and  that  thus  the 
class  of  similar  forms  is  finally  narrowed  to  the  species  of 
which  it  is  a  member."  Though  this  generalization  is  to  be 
taken  with  qualifications,  yet,  as  an  average  truth,  it  may 
be  regarded  as  beyond  question ;  and  as  an  average  truth,  it 
has  a  profound  significance. 

For  if  we  follow  out  in  thought  the  implications 
of  this  truth — ^if  we  conceive  the  germs  of  all  kinds 
of  organisms  simultaneously  developing ;  if  after  taking 
their  first  step  together,  we  imagine  at  the  second  step,  one 
half  of  the  vast  multitude  diverging  from  the  other  half;  if, 
at  the  next  step,  we  mentally  watch  each  of  these  great 
assemblages  beginning  to  take  two  or  more  routes  of 
development ;  if  we  represent  to  ourselves  this  bifurcation 
sxmultaneou.sIy  going    on,   stage    after    stage,   in    all    the 
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brauchos ;  wo  shall  sec  that  thcro  must  ro«alt  an  aggrogaU 
atiulugoua,  in  iu  arrangcmeiit  of  purta,  U>  &  troc.  If  this  TM«t 
genealogical  tree  bo  contemplated  as  a  whole,  mode  ap  of 
trunk,  great  brandies,  secuiidary  brunches,  and  so  on,  as  Dor 
as  the  terminal  twigs ;  it  will  be  perceived  that  all  the 
Taiious  kinda  of  organisms  repreaontt-d  l>y  these  torxninal 
twigs,  forming  the  peripbory  of  the  troc,  will  stand  related  to 
encb  other  in  small  groups,  which  are  imiti?d  into  groups  i>t 
groups,  and  so  on.  The  embiyologicol  tree,  expreasiug  lh<' 
devclopiuenfiJ  relations  of  organisms,  will  be  similar  to  thr 
troe  which  symbolizca  their  clossificatory  relations.  That 
Bubordinatiou  of  classes,  orders,  genera,  and  species,  to  vhiclt 
naturalists  have  been  gradually  led,  is  just  that  nuboidiuatiou 
which  results  from  the  divergence  and  re-divcrgcnc©  of 
embryos,  as  they  all  unfold.  On  the  hypothesis  of  evulurion. 
this  parallelism  has  a  meaning — indioatea  that  primordial 
kJnship  of  all  organisms,  and  that  progressive  difiervii  liar  ion 
of  tliciii,  which  the  hypothesis  allegce.  But  on  any  other 
liypolhesis  the  parallelism  is  meaningless :  or  mthor,  it 
raises  a  difficulty  ;  since  it  implies  either  an  elTect  without  ft 
canso,  or  a  design  without  a  purpose. 


J!  ISy.  It  was  said  above,  that  this  great  embryologiool 
law  is  to  be  token  wilh  eertoia  (jualiticationa.  The  re^tmi- 
bhiuces  which  hold  together  great  gruujis  of  imbrj'ue  in  their 
coily  stages,  and  which  bold  together  smaller  luid  mnoller 
grou^M  ill  their  latvr  and  later  stages,  ore  not  Hpt«iul  or 
exact,  but  gi.'iiorul  or  uppruximale  ;  and  in  some  olk*,  the 
oDul'urmity  to  this  geueral  law  is  very  imperfect.  These 
imgiilurities,  however,  instead  uf  being  at  variance  wHh  tha 
hyiiotlitiHin  iif  evolution,  atford  further  support  to  iL 

tJU-wrve,  first,  that  the  oijy  two  other  powdble  suppotntioiu 
rvapoctiug  dovolopmentol  elianges,  arc  nrgntived,  the  one  hj 
tioi  general  law  and  the  otbur  by  the  uuiicjr  uoneoul'unailiw 
Lo  il.  If  it  be  said  that  the  conditions  gf  tlie  ca.-j>  ueceM- 
bitod  thp  dcrivatiiin  of  alt  orgauiama  from  siuplo  genai^  and 
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therefore  neccsailatcd  a  morphological  unity  ill  tlieir  primitive 
states  ;  there  oriacs  the  obWous  answer,  that  the  morphologi- 
cal unity  thus  implied,  is  not  the  only  morphological  unity 
to  l>o  accountod  for.  Were  ihia  the  only  unity,  the  various 
hinds  of  organisms,  setting  out  from  a  common  primordial 
form,  should  all  begin  from  the  first  to  divcrgu  iiiiUvidually, 
as  so  many  radii  from  a  centre ;  which  they  do  not.  If,  o 
wise,  it  bo  said  that  organisms  were  framed  upon  cei'to 
types,  and  that  those  of  the  some  type  continue  developin 
togclher  in  tho  samo  direction,  until  it  is  time  for  llicm  i 
begin  putting  on  their  specialities  of  structnro ;  then,  the 
answer  is,  that  when  they  do  finally  diverge,  (hey  ought 
severally  to  develop  in  direct  lines  towanls  their  final  forms. 
No  reasoa  can  be  assigned  why,  ha\-ing  oncu  parted  company, 
Bomo  should  progresB  towards  their  final  forms  by  irw-gular 
or  circuitous  routes.  On  the  hypothesis  of  design, 
viations  are  inexplicable. 

The  hypothesis  of  evolution,  however,  while  it  pro-supjH 
those  general  relations  among  embryos  which  are  found  to 
exist,  also  affords  explanations  of  these  minor  nonconfonnities. 
If,  as  any  rational  theory  of  evolution  pro-supposes,  the  pro- 
gressivo  diiFerentiationB  of  organic  forms  from  one  another 
during  past  times,  have  resulted,  as  thoy  are  resulting  still, 
from  the  direct  and  indirect  cSccts  of  external  conditions — 
if  organisms  have  become  dificrcnt,  cither  by  immeditttfl 
ailuptations  to  unlike  habits  of  life,  or  by  tho  mediate  adapta- 
tions resulting  from  preser^Tition  of  the  individuals  most 
I  fitted  for  such  habits  of  life,  or  by  both ;  and  if  tho  cmhryoiiio 
changes  are  related  to  tho  changes  that  wcra  undergone  by 
Bncestrul  races ;  then  these  irregularities  must  bo  expected. 
For  the  successive  changes  in  modes  of  life  pursued  by 
Biiccessivo  ancestral  race*,  can  have  had  no  regularity  of 
sequence.  In  some  cases  they  must  havo  been  more  numerous 
tlwin  in  others  ;  in  some  cases  they  must  have  been  gi-cater 
in  degree  than  in  others  ;  in  some  cases  the}'  must  huvc  boon 
to  lower  modes,  in  some  oases  to  higher  moih-s,  and  in  t 
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casos  to  modes  noitlier  higher  nor  lower.  Of  tro  co&n&te  race* 
which  diverged  in  the  rcmota  post,  tho  one  majr  hare  had 
descomhiiits  that  have  remained  tolerably  comiUiut  io  Iboii 
liabits,  while  iho  other  may  have  liad  descondanta  that  hava 
passed  through  widely-aberraut  laodea  of  life ;  and  yet  nome 
of  thi'ao  last  may  have  ovcntually  tiLkcn  to  modea  of  Ufa  Uko 
those  of  tho  divergent  racea  derived  from  the  same  atorlc. 
And  if  the  motomorphoscs  of  embryos,  indicato,  in  a  general 
wuv,  the  changes  of  structure  undergone  hy  unuMton ;  iheo, 
tho  later  embrj'ologic  changes  of  sudi  two  allied  ncoa,  viU 
be  somewhat  different,  though  thi-y  may  end  in  very  Mmilar 
forma.  An  illuijinition  will  make  this  clt-ar.  Mr  Darwin 
suys : — "  Petrels  nru  fbo  most  ueriid  and  oceanic  of  birds,  but 
in  Iho  quiet  Hounds  of  Tierra  del  Fuego,  the  Pti^nuria 
Irrariii,  in  its  goueral  habits,  in  its  astoniidting  ] 
diving.  il8  maniior  of  swimming,  and  of  flying  when  1 
willingly  it  takos  flight,  would  be  nusluken  by  any  o 
an  uuk  or  grebe ;  nevertlielusa,  it  is  ettscntinlly  a  polrcl,  bnt 
with  many  parts  of  its  organization  profoundly  modi&id." 
Now  if  wo  suppose  these  gn'l)e>like  hubils  to  bo  continued 
ihrfiugh  a  long  epoch,  the  jwtrel-fonn  Io  be  still  mure  uh- 
scured,  iind  tbe  approximation  to  the  grcbo-fonn  still  doNcr; 
it  is  manifest  tliiil  wliile  tlto  chicks  of  the  grebe  and  tba 
Pn^HuHtt  will,  during  their  early  stages  of  development, 
di^pbiy  Umt  likeness  involved  by  their  eommua  derivation 
fnim  Bome  early  type  of  bird,  the  chick  of  llio  Pu^nuna 
will  eventually  begin  to  show  deviations,  reprwontulivo  of 
the  ancoatral  petrol-structure,  and  will  afterwanls  begin  to 
lose  these  distinctions,  and  assume  the  grt-bo-wtructunx 

Honoc,  remomlicring  tho  perpetual  intrusions  of  organisnu 
on  one  another's  mmU^  of  life,  often  widely  dilfereut ;  uul 
rememlieriag  that  those  intriuions  have  beou  guing  on  frgm 
tho  beginning ;  we  shall  be  prepared  to  find  that  the  gooonil 
law  of  embryologie  parullelism,  is  (jaalified  by  irre^dnritie* 
that  are  mostly  s:uall,   in   miiny   oaMos  eonsidnniblt^   wwl 
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occasionally  great.     The  hypothesis  of  evolution  accounts  for 
these :  it  does  more — it  implies  the  necessity  of  them. 

§  130.  The  substitutions  of  organs  and  the  suppressions 
of  organs,  are  among  those  secondary  embi^ological  phe- 
nomena which  harmonize  with  the  belief  in  evolution 
but  cannot  be  reconciled  with  any  other  belief.  There  are 
cases  where,  during  its  earlier  stages  of  development,  an 
embryo  possesses  organs  that  afterwards  dwindle  away,  as 
there  arise  other  organs  to  discharge  the  some  functions. 
And  there  are  cases  where  organs  make  their  appearance, 
grow  to  certain  points,  have  no  functions  to  discharge,  and 
disappear  by  absorption. 

We  have  a  remarkable  instance  of  this  substitution  in  the 
successive  temporary  appliances  for  aerating  the  blood, 
which  the  mammalian  embryo  exhibits.  During  the  first 
phase  of  its  development,  the  mammalian  embryo  circulates 
its  blood  through  a  system  of  vessels  distributed  over  what 
is  called  the  a/rea  vn^culosa — a  system  of  vessels  homologous 
with  one  which,  among  fishes,  serves  for  aerating  the  blood 
imtil  the  permanent  respiratory  organs  come  into  play. 
After  a  time,  there  buds  out  from  the  mammalian  embryo,  a 
vascular  membrane  called  the  allantois,  homologous  with 
one  which,  in  birds  and  reptiles,  replaces  the  first  as  a 
breathing  apparatus.  But  while  in  the  higher  oviparous 
vertebrates,  the  allantois  serves  the  purpose  of  a  lung  during 
the  rest  of  embryonic  life,  it  does  not  do  so  in  the  mamma- 
lian embryo.  In  implacental  mammals,  it  aborts,  having  no 
function  to  discharge;  and  in  the  higher  mammals,  it 
becomes  ''  placentiferous,  and  serves  as  the  means  of  inter* 
communication  between  the  parent  and  the  offspring  " — ^be- 
comes an  organ  of  nutrition  more  than  of  respiration.  Now 
since  the  first  system  of  external  blood-vessels,  not  being  in 
contact  with  a  directly-oxygenated  medium,  cannot  be  very 
serviceable  to  the  mammalian  embryo  as  a  lung ;  and  since 
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tlio  accond  ajstem  of  extomnl  blood-Tossds  ta,  to  tbo  ita' 
ploceutal  embrj-o,  of  no  great«r  arnil  than  ihe  first ;  anil 
since  the  commimication  between  the  embryo  cunt  tiiA 
pWentik  omong  placental  mammals,  might  as  well  or  belter 
have  b&eu  made  directly,  instead  of  by  mctmnnrphosis  vt 
the  alluntois;  these  suDstitutions  appear  unaecouulablu  aa 
roaulU  of  design.  But  they  arc  quite  congruous  with  Um 
supposition,  that  the  mammalian  t^'pe  arose  out  of  low 
vertebrate  types.  For  in  such  cose,  the  mamnudiiui  c 
ptuisiiig  through  states  representing,  more  or  less  ilistin 
ilioiM)  ffliiuh  its  remote  ancestors  had  in  comnioti  nitli  1 
lower  Feeiebrata,  develops  tbcso  subsidiary  organs  in  I 
ways  with  the  lower  P'otdrala. 

Even  more  striking  than  the  substitutions  of  organs  i 
the  suppressions  of  orguns.  Mr  Darwin  nainee  some  c&>u3 
aa  "  extremely  curious ;  for  instance,  the  prcseneo  of  l«cth 
in  fcotol  whales,  whit-h  when  grown  up  have  not  a  toolli  in 
their  heads;  •  *  •  It  has  even  been  stated  on  g«xxl 
authority  that  rudiments  of  tooth  can  be  dut«ot«d  in  tlio 
beaks  of  certain  emhryonio  birds."  Not  even  tumpora 
functions  can  be  assigned  for  these  organs  that  are  1 
built  up  and  then  pulled  down  again.  They  ore  ubsolul^ 
useless — their  formation  is  absolutely  superfluous.  In 
cilnble  with  ony  toleoloffieal  theory,  they  do  not  CTon  1 
monizo  with  the  theory  of  fixed  typos  which  are  mainto 
by  the  development  of  all  ihe  tj-pical  parts,  oven  wbem  a 
wanted ;  seeing  that  tito  disappearance  of  theso  incipi 
orguns  during  fojtal  life,  spoils  the  tj-picol  roaembU 
Hut  while  to  all  other  hypotheses  these  tacts  afe  uluinblill 
blocks,  they  yield  strong  support  to  the  hyimtheois  of  ovc 
tion. 

AL'ied  to  these  cases,  are  the  cases  of  what  has  bcon  c 
retrograiJe    development.       Many   parasitic    creatures 
creaturos  which,  after  loading  unlive  lives  for  a  time,  evei 
ally  bceorae  fixed,  lose,  in  their  adult  stales,  the  limbs  ■ 
•ou«oi  which  they  bad  when  young.     It  may  be  i 
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liowevcr,  that  these  creatures  could  not  secure  the  linbi'tala 
ucodi'ul   for   thom,  without  poasesalng  during  thfix  laniJ 
stngcs,  eyes  and  Bwimming  appendages  which  eventoiiUy 
become  uselosB ,  that  though,  by  losing  these,  their  organiawM 
tion  retrogresses  in  ono  direction,  it  progresses  iu  anofhJ^ 
direction ;  and  that,  therefore,  they  do  not  exhibit  the  nw 
Itss  development  of  a  higher  type  on  the  way  to  a 
tyjje.     Nevertheless    there   are    instances   of   a   descent   i 
organization,    following   an  apparently-superfluous  ascoiiIS 
JJr  Darwin  says  that  in  some  genera  of  cirripiilcs,  "iho 
Iiirvte  becomo  developed  either  into  hermaphrodites  having 
Oie  ordinary  structure,  or  into  what  I  have  called  coraple- 
mentol    males,    and  in  the    latter,   the  development    has 
.redly  been  retrograde ;  for  the  male  is  a  mere  sack,  which 
lives  for  a  short  time,  and  is  destitute  of  month,  sfomach,_ 
■  other    organ  of   importance,   excepting   for    reprodm 


U  131.     Comparative   embryology  shows  us  that  be-sidi 
auhstitutions  of  organs,  there  ore  what  may  bo  called  aubsC 
tuted  modes  of  development.     The  same  kind  of  structui 
is  uot  always  pro<luced  in  tho  same  way;  and  some  allied 
groups  of  organisms  have  modes  of  evolution  which  appear 
Ifj  be  radically  contrasted.     The  two  modes  are  broadly  dis- 
tinguishable  as    the    direct    and   the   iiicliivd.      They    may 
ieveruUy  characterize  the  general  course  of  evolution  u»  .'i 
n-holc,  and  the  course  of  evolution  in  particular  organs. 

Thus  in  the  immense  majority  of  articulate  animals, 
metamorphoses,  more  or  less  marked  and  more  or  less 
nitinorous,  are  passed  through  on  the  way  to  maturity.  Tbt 
finiiiliur  transformations  of  insects  show  us  hnw  circuiloua  j 

If  route  by  which  the  embryo-ibrm  arrives  at  the  adult  foni 
among  some  divisions  of  tlio  AHiailata.  But  there  I 
other  divisions,  as  the  lower  Ariithnxila,  in  which  tl'c  imfoli 
ing  of  the  egg  into  tho  adult  takes  place  tn  tho  Bimplej 
manner :  the  subslanue  grows  towards  its  appointed  e 
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by  tKe  abortcat  route.  The  Mollugca  furniah  contrasts  which. 
tWugh  loaa  marked,  are  essentially  of  the  some  naturo.  AmoDg 
Bome  Gast^ropods,  according  to  Vogt,  the  guno-mass,  aStvt 
oiidergoing  its  earliest  chungts  in  the  Kime  vnj  us  gmu- 
niiissea  in  gt.>ncral,  begins  to  transform  itself  bodily  into  tho 
finisbed  irtructurc :  in  one  port,  tbe  component  cells  cuoIomw 
to  form  tbe  heart,  in  another  part  (o  fonn  the  liver,  and  so 
on.  But  in  other  clusaes  of  molluscs,  as  the  Ccphalt 
tbe  Biuhryo  is  mouldud  out  of  the  bloatodenn,  or  supcrtii 
layer  of  the  gunu-umsa ;  and  tbe  Tarioua  organs,  muatly 
ing  iMit  of  this  blastoderm  by  a  process  of  budding, 
their  ultimate  sliapoa  through  succcaaiTe  modificatiooH,  wl 
thoy  grow  at  tbe  expense  of  the  nutriment  absorbed 
the  rvst  of  tbe  germ-mass.  And  this  indirect  developi 
is  universal  among  tbe  t'erUbrata. 

How  on  contemplating  in  their   ememble,  the  facts  thna 
briofly  indicated,  we  may  trace  among  these  irreguluitiM 
sometbing  like  a  general  rule.     The  indirect  development 
oharactorizos    the    most-highly-organizod    forms.     In    tha 
sub-kingdom  P'frtehrata,  which,  eonaidercd  as  a  whole,  standa 
far  above  tbe  rest  in  complexity,  the  development  is  uniformly 
indirect.     It  ia  Indirect  In  the  great  mass  of  the  Articulata. 
It  is  Indirect  In  the  bighust  Moltuaca,  Conversoly,  it  ia 
in  a   largo    proportion  of  the   lower    tyjxa,     Tho    Oggs 
Protozoa,  of  Cwknterata,  of  inferior  Annuloida,  originate 
respective  alructurcs  proper  to  them,  by  tranaformationa 
are  almost  immediate;   each  of  tho  cyclo  of  forma 
ihrougb,  is  ossuniod,  when  tbe  pro;>cr  timu  comes, 
nniplcrtt  way ;    and  where  they  multiply  by  budding, 
Dubstanee  of  the  hud  passes  by  as  (tbort  a  process  as  may 
Into  ibo  finished  form.     "Whore  among  tbe  simpler  lypei 
animals,  tho  ovolution  is  indirect,  its  indirectness  gci 
up]H!ur3  lo  bo  related  to  some  transiiioual  mode  of  life, 
the  larva  passes  through  on  ita  way  to  maturity ;  and 
we  find  direct  evglution  among  tbe  more  complex  typet^ 
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iu  their  most  degraded  members :  instance  the  Acari  among 
the  ArHculata.* 

We  have  before  found  that  the  facts  of  social  organization 
furnish  us  with  hints  towards  interpreting  the  phenomena 
exhibited  in  individual  organisms.  Let  us  see  whether 
analogies  hence  derived,  do  not  help  us  here.  A  factory,  or 
other  producing  establishment,  or  a  town  made  up  of  such 
establishments,  is  an  agency  for  elaborating  some  conmiodity 
consumed  by  society  at  large ;  and  may  be  regarded  as 
analogous  to  a  gland  or  viscus  in  an  individual  organism.  If, 
now,  we  inquire  what  is  the  primitive  mode  in  which  one  of 
these  producing  establishments  grows  up,  we  find  it  to  be 
this.  A  single  worker,  who  himself  sells  the  produce  of  his 
labour,  is,  the  germ.  His  business  increasing,  he  employs 
helpers — ^his  sons  or  others ;  and  having  done  this,  he  be- 
comes a  vendor  not  only  of  his  own  handiwork,  but  of  that 
of  others.  A  further  increase  of  his  business  compels  him  to 
multiply  his  assistants,  and  his  sale  grows  so  rapid  that  he  is 
obliged  to  confine  himself  to  the  process  of  selling ;  that  is, 
he  ceases  to  be  a  producer,  and  becomes  simply  a  channel 
through  which  the  produce  of  others  is  conveyed  to  the 
public.  Should  his  prosperity  rise  yet  higher,  he  finds  that 
he  is  imable  to  manage  even  the  sale  of  his  commodities,  and 
has  to  employ  others,  probably  of  his  own  family,  to  aid  him 
in  selling ;  that  is,  to  him  as  a  main  channel  are  now  added 
subordinate  channels ;  and  so  on  continuously.     Moreover, 

*  It  may  be  urged  that  the  mode  of  development  is  obrioofily  related  to  the 
iize  of  the  mass  which  is  to  be  transformed  into  the  embryo.  Doubtless  it  is 
true  that  direct  transformation  is  characteristio  of  small  ova,  and  indirect  trans- 
formation of  large  ova ;  and  some  such  connexion  may  be  necessary.  Very  pos- 
sibly that  polarity  of  the  physiological  units,  which  determines  the  specific  structure, 
will  not  act  throughout  a  large  mass  in  such  way  as  to  transform  it  bodily  into 
the  specific  structure ;  though  it  will  thus  act  throughout  a  small  mass.  But  that 
the  bulk  of  the  ovum  is  not  the  tole  cause  of  this  difference  of  method,  is  proved 
by  the  fact  that  in  some  cases  where  the  development  is  comparatively  direct,  af 
in  Aeteon^  the  ovum  is  very  mach  Uiger  than  in  cases  when  it  ia  comparatively 
indirect,  as  in  minute  inaeets. 
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when  thero  grow  up  in  one   place,  as  a  Manclicstttr  i 
Birmingham,  many  establishments  of  tiko  kind,  this  pi-oi 
is  currii^d  slill  further.     There  arise  factors  and  agcnU,  who' 
are  the  channela  through  Bhii;h  are  transmitted  llio  pro- 
duce of  many  injHn ;    and  wc  believe  that  primurily,  lliuM 
fuutors  were  munulucturcrs  who  undertook  to   dispgttc  of  tha 
])roduce  of  smaller  housca  as  well  us  their  own,  and  ulliuuitely 
bocamc  salcsiacn  only.      Xow  thia,  which  is  the  onginal 
mode  in   which  social   agencies  of  all  kinds  are  evolred, 
docs  not  continue  to  be  the  mode.     There  ia  a  lendcncjr 
everywhere  manifested  to  subslituto  u  direct  process  for  this 
iiidiruL't   procciM.       Manufacturing    establishmcnta    are 
lungvr  commonly  developed  through  the  aeries  of  modifil 
tiona  above  described ;  but  mostly  arise  by  the  immed 
transformation  of  a  number  of  persons  into  mai 
foremen,   workers,   &c.      Instead   of   businpss-partnera 
being  fotmod,  as  they  originally  wore,  by  some  stow  i 
trneive  union  between  traders  and  their  soua  or  aasistaafl 
we  now    have  joiiit-8(ock-com[)anie6   resulting   by  sndc 
m'tamorpboees  of  groups  of  citizens.     Tlie  like  in  trao  * 
larger  and  more  complex  social  agencies.     A  new   town  I 
the  TTnit^  Stales  arises  not  at  all  after  the  old  method  f 
gradual  arcomulations  round  a  nucleus,  nnil  suc«c 
modifications  of  structure  accompanying  increase  of  i 
but  it  grows  op  over  a  largo  area,  according  to  a  pre-dele 
mined  plan ;  and  there  are  developed  at  the  ontaot,  I 
various  civil,  occlc«tuatii^l,  and  industrial  centres,  whicli  1 
incipient  city   will   require.       Even   in  the  formation  i 
colonies  we  may  similarly  <h>c,  thai  the  whole  type  of  t 
organization  proper  to  the  roe*  from  which  the  colony  o> 
begins  nt  onco  to  show  itself.   There  is  not  a  gradual  p 
through  all  thaio  dcvolninnt^iital  pliasca  passed  thnnigh  t 
the   mother-society ;    but   there  is  a  comparatively  i 
trauaformation  of  tlie  asMcmbhigo  of  colonists,  into  t 
organiuu  allied  in  slructuie  to  the  •oclol  organism  of  wU 
il  WU&  an  ollaet. 
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Let  US  now   return   to  the   developinent  of   individual 
organisms ;   carrj-ing  back    this    idea    with    ua.     On  i 
hypothesis  of  cTolution.  all  organs  must  have  been  origiaalljl 
I'ormed  after  the  indirect  method,  by  the  accumulation  ( 
modifications  uponmodificationa;  and  if  the  development  a 
the   embryo    repctata    the   development    of    ancestral    racca 
organs  must  be  thus  formed  in  the  embrj'o.     To  a  considor-l 
able   extent    they    are  thus  formed.     There    ia  a    striking 
paraHciism  between  the  mo<le  in  which,  as  above  described, 
manufacturing    agencies    are   originally  evolved,   and  the 
mode  in  which  secreting  organs  are  evolved.     Out  of  i 
group   of  bile-cella  forming   the    germ  of  tho  liver,  e 
centrally-placed  ones,  lying  next  to  the  intestine,  are  tran»!| 
funned  into  ducts  through  which  the  secretion  cf  the 
phenil  bile-cells  ia  poured  into  the  intestine  ;  and  as  the  peii 
phei-al  bile-cells  multiply,  tliere  similarly  arise  secondan 
ducts  emptj-ing  themselves  into  the  main  ones ;  tertiary  o 
into  these ;  and  so  on.     But  while  in  this  and  in  olhel 
organs,  the  development  remains  in  a  great  degree  indiiccta 
tliere  are  organs,  as  the  heart,  in  which  it  is  comparativel 
direct.     The  heart  of  tho  vertebrate  embryo  doH33  not  i 
from  a  bud  ;  but  it  is  first  traeeablo  as  an  aggregated  i 
of  colls,  becoming  distinct  from  tho  cells  amid  wliich  it  { 
imbedded :  its  transformation  into  a  contractilo  chamber,  la 
effected  by  the  consohdation  of  its  outer  cells  while  its  ianaT 
cells  liquify.     And   the  comparatively  direct  developmei 
thus  displayed  in  some  organs  of  the  higher  embryos,  is,  ■ 
have  seen,  characteristic  of  the  entire  development  1 
m3tiy  lower  embryos. 

On  tho  hypothesis  of  evolation,  the  direct  mode  of  i 
VLiIopinoiit  in  animals,  must  have  been  substituted  for  t 
indirect  mode ;  an  we  see  that  it  is  substituted  in  societies 
How  comes  it  to  have  been  substituted  P  l(y  studying  tin 
cause  of  the  aiibstitution  in  tho  siwiid  orgnnism,  we  maj 
perhaps  get  some  insight  into  ita  cause  in  the  individual  or- 
gauisiD.  Tlie  direct  mode  of  tbrming  social  agencisi 
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replaces  the  iodirect  mode,  when  those  social  agoncica  Iists 
either  been  so  long  establialied,  or  have  become  so  proralcut,  or 
both,  as  to  modify  the  people's  hubits  aiid  idtias.  Gronpi 
of  cilizons  unite  into  corpomto  bodies  which  qnicldy  orgaa- 
izo,  because  tho  h:ibit  of  forming  such  combinations  has  m> 
far  modified  the  thoughts  and  feelings  of  citizens,  that  it 
becomes  naturiJ  to  them  thus  to  arningo  thomselvca.  So 
too,  is  it  with  tho  men  who  form  a  colony.  The  rapid  a»- 
sumption  by  them  of  a  social  structorc,  as  similar  as  <;ircam- 
etnnces  permit  to  the  structure  of  the  mother-Bociely,  ia 
manifestly  due  to  the  fact,  that  tho  organization  of  tho 
mother-society  has  moulded  the  emotions  and  beliu&  of  its 
members  into  conformity  with  itself;  so  that  when  soiDd  c^ 
its  members  are  transferred  to  a  colony,  they  amngo 
themselves  directly  Into  a  structure  of  like  type  with  Uint 
of  the  mother- society :  they  do  not  repeat  all  the  Ktagea 
through  which  the  mother-society  passed,  bocauso  their 
natures  have  been  too  far  modified  to  allow  of  ihvir  doing 
this.  That    action   and    reaction   between   a  aonisl 

organism  and  its  units,  which  we  here  see  accounts  for 
changes  iu  modc^  of  social  development,  must  bo  pamllclnd 
by  tho  action  and  reaction  between  an  individual  organunn 
niid  its  luiits.  Tarious  classes  of  phenomena  compelled 
us  to  conclude,  that  each  kind  of  organism  is  compoaod  cf 
physiological  units,  having  certain  pecuUarites  which  fores 
thrm  to  Brrttnge  themselves  into  ttio  form  of  tho  spocieA  to 
which  they  are  peculiar.  And  in  the  chapters  on  Oencns, 
Heredity,  and  Variation,  we  raw  reason  to  believe,  that 
whilo  tlio  polarities  ol  the  piij-siologic^  units  dotcmune  tlie 
structure  of  the  organism  as  a  wholo;  the  orgnnisn  u  • 
whole,  if  its  structure  is  changed  by  incident  foroea,  reuli 
on  the  physiological  units,  and  uindifii-s  them  towards  oaii> 
formity  with  its  new  structure.  Now  this  action  and  rea^ 
tiun  l)etWL<«^  on  organic  aggn^gnlo  and  its  units,  tonding 
ever  to  bring  the  two  into  absolute  harmony,  inuat  be  ooa- 
tinoally  making  tho  developmental   proceawa  more  dinal| 
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and  will  aKow  its  eSbcts  in  oil  Hods  of  ways  and  degrees, 
according  to  the  ancestral  history  of  each  speciea.  Suppos- 
ing it  woro  possible  for  a  race  of  orgaaiania  to  have  con- 
Mu'ied  propagating  itself  through  an  inde&nitely-long 
period  without  any  change  of  conditiona,  necessitating 
jhange  of  Btructiire ;  there  would  be  reached  so  complete  a 
jongruity  between  the  organic  aggregate  and  its  phyaiologi- 
tal  units,  that  the  units  would  arrange  themselTea  directly 
into  a  structure  like  that  of  the  adult  orgaoiam :  the  germ 
would  put  on  the  proper  characters  of  the  species,  with  little 
or  no  traoaposition  of  substance.  But  in  the  absence  of 
any  such  constancy  of  conditions  and  structure,  what  may 
expect  ?  Wo  may  expect  that  where  the  condittona 
Btructure  have  been  most  constant,  the  mode  of  dcvelo] 
mcnt  will  be  the  most  direct ;  and  that  it  will  be  the  m> 
indirect,  whore  tlicre  have  been  the  greatest  and  m< 
numerous  changes  in  the  habits  and  structures  of  ancestral 
races  of  organisms.  And  wc  may  also  expect  tliat  dovelop- 
1  changes  corresponding  to  early  ancestral  forma,  will 
I  an  obliteration  that  is  great  in  proportion  to  the 
l^of  organization  that  has  been  since  maintained.  The 
Tacts  appear  in  harmony  with  this  conclusion.  Wo  see  a 
comparativuly -direct  development  in  those  inferior  types  of 
uuiimLls,  which  show  us,  by  their  inftTriority,  that  they  havo 
not,  since  the  commencement  of  organic  life,  phased  throuj 
many  sets  of  changes.  And  where  we  hnd  direct 
velopment  among  higher  types  of  animals,  it  characterii 
the  simpler  rather  than  the  more  complex  members  of 
types. 

Between  different  parts  in  the  same  embryo,  there  are 
'  lihenesaea  in  the  method  of  formation,  which  seem  to 
[  kindred  mesninga.  The  heart,  of  which  the  development  is 
in  great  measure  direct,  is  an  organ  that  appears  compara- 
tively early  among  the  ascending  grades  of  organic  forma ; 
and  ha%-iug  appeared,  retains  throughout  the  character  of  Q 
hollow  muscle.     Conversely,  the  organs  which  develop  with 
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great  indirectness,  are  the  organs  of  external  relation  i 
which,  in  the  progress  of  organic  forms,  uiidcrgn  Tnrioua 
metamorphoses.  Some  light,  too,  is  thus  thrown  on 

certain  irregularities  in  the  order  of  development  of  organs. 
If  we  coatemplute  those  continuous  actions  and  rmctiotui 
which  tend  ever  to  estahliah  a  balance  between  un  organia 
aggregate  and  its  units ;  we  shall  see  that  the  effect  which 
the  units  composing  any  organ,  produce  on  the  organism  as  a 
whole,  will  depend,  jwrtly  on  the  pifrmiincnce  of  such  organ, 
and  parlly  on  its  proportional  mags.  The  influence  of  any 
force,  is  aproduct  of  its  aintjiiiif  multiplied  into  the 'inM;  during 
which  it  has  acted.  Hence,  a  larger  part  of  the  aggrognta 
acting  for  a  shorter  time,  will  impress  itself  on  the  pby* 
Biological  unita,  us  much  as  a  smaller  part  acting  for  a 
longer  time;  and  may  thus  begin  to  show  its  influence  in 
the  developmental  changes,  as  soon  as,  or  even  earlier  than,  a 
part  that  has  existed  for  a  greater  period.  Thus  it  bocoroea 
comprehensible  why,  in  cort^  Entoiaa  which  have  im- 
mensely-developed generative  eystema,  the  rudiments  of  the 
generative  systems  are  the  first  to  become  visible.  And 
thus  are  also  explicable,  anomalies  euch  as  those  pointed 
out  by  Prof.  Agassijs — the  appearance,  in  some  cases,  of 
traits  characterizing  the  species,  at  an  earlier  period  of 
dvvulupment  than  traits  chamoterizing  the  genus. 

§  laZ,  So  that  while  the  ombrj'ologic  law  cnunciatod  by 
Von  Rncr,  is  in  hnrmonywith  the  hypothesis  of  evolution, 
and  is,  indeed,  a  law  which  this  hypothesis  implies;  tbo 
minor  son  conformities  to  the  law,  are  also  Interprelafalo  by 
this  hypothesis.  Parallelism  between  the  courses  of  dorelop- 
tnent  in  speciei  that  had  a  common  ancestry,  is  liablo  to  ba 
variouidy  modifled  in  corrcapoudeQco  with  the  later  ancestral 
fonns  passed  through  after  divergence  of  such  Bpocies.  Ths 
substitution  of  a  direct  for  an  indirect  process  of  formation, 
wliich  wo  haTo  reason  to  believe  will  show  it«elf,  both  in  tli* 
unfolding  of  the  entire  organism  and  in  the  unfolding  of  {wv 
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ticular  organs,  must  obscure  tho  embryologic  hiatoiy.  .And  * 
the  parts  influencing  the  whole  ia  degroea  varying  with  their 
masses,  there  results  a  further  influence  which,  from  the  out- 
set, must  begin  to  modify  the  metamorphoscB  of  each  kind  oi 
embryo  ;  and  cause  it  to  show  incipient  divergences  from 
ijnibryos  which  had  ancestral  Imtoriea  the  same  afl  its  own. 
Thus  we  find  three  diflereut  causes  conspiring  in  endless 
ways  and  degrees,  to  produce  deviations  from  .the  general  law 
<  — causes  which  are  manifestly  capable  of  producing,  under 
special  conditiutiB,  changes  in  apparent  contradiction  to  ilu»  . 
law. 


CHAPTER  VL 


THE  ABQUUENTS  FROM  MORPHOLOOT, 


S  133.  Lkavinq  out  of  consideration  the  paraII(.-IiHin  of 
developmeat  wliicli  cliarocterizee  orgniiiams  belonging  to  each 
group,  tLat  community  of  pluii  wliicli  exists  amon^  thcia 
when  tliey  are  mature,  is  extromoly  romarkublo  aud  extremdjr 
suggestive.  As  before  shown  (g  103),  neither  tko  eupjKwitiuii 
that  these  coiubioations  of  attributes  wliicb  untto  cLnssea  are 
fortuitous,  nor  the  supposition  that  no  other  combinatiom 
were  practicable,  nor  the  supposition  of  adherenco  to  pro- 
dotermincd  typical  plans,  suffices  to  explain  the  facta.  All 
instance  will  best  prepare  the  reader  for  sooing  the  trae 
moaning  of  these  fundamental  likenosa4.!3. 

Under  the  inunonsely-varied  forma  of  insects,  greatly  elon- 
gated like  the  dragon-fly,  or  contracted  in  shape  like  tho 
huly-bird,  wingod  like  the  butterfly,  or  wingless  like  Out 
flea,  w<j  find  this  character  in  common — there  are  primArily 
twenty  segments.  These  segments  may  be  distinctly  roarkod, 
or  they  may  bo  so  fus<.^  as  to  make  it  diihcolt  to  find  the 
divisions  butwoi-n  tbeu.  This  is  not  all.  It  has  boon 
shown  that  the  samo  number  of  Hogmonla  is  possessed  by  all 
the  Onmliteeit.  The  highly-consolidated  crab,  and  the  squiUa 
witli  its  long,  loosely-joiuted  divisions,  are  compoeod  of  the 
samo  number  of  somites.  Though,  in  the  higher  cru 
some  of  theae  suocessiTe  induralod  rings,  forming  tho  a 
■keleton,  are  never  more  than  partially  marked  off  tnim  « 


other ;     ynt    tiiey   are    mdcatMable     as    humologoua 


BCgmente,    wliicli.     in     other     crusluceans,     are    definitely 
divided.  What,  now,  can   be  the  meaning  of  tliifl 

community  ofstnicture  among  these  hundreds  of  thousands  of 
species  tilling  the  air,  burrowing  in  the  earth,  swimming  in 
Iho  Witter,  creeping  about  among  the  sca-wetsd,  and  having 
such  enormoua  differeacea  of  size,  outline,  and   Bubstancc,  as 
that  no  community  would  be  suspected  betweeu  thiim  ?  \Vby 
undiir  the  down-covored  body  of  the  moth  and  under  the 
hard  wing-cases  of  the  beetle,  should  there  be  discovered  tho  ■ 
sauic  number  of  divisions  ea  in  the  calcareous  framework  o 
the  lobster  P     It  cannot  be  by  chance  that  there  exist  jui 
twenty  segments  in  all  these  hundreds  of  thousands  of  specieB;1 
There  is  no  reason  to  think  it  was  necssgary,  in  the  i 
that  no  other  number  would  have  mode  a  poasiblo  organismi  ' 
And  to  say  tliat  it  is  the  result  of  dcsig^i — to  say  that  the  Cre- 
ator followed  this  pattern  throughout,  merely  for  the  purpose 
of  maintaining  the  patt«m — ^is  to  assign  a  motive  which,  if 
avowed  by  a  human  being,  we  should  call  whimsicoL     No 
rational  interpretation  of  this  and  hosts  of  like  morphological 
truths,  can  be  given  except  by  the  hypothesis  of  evolution ; 
and  from  the  hypothesis  of  evofution  they  are  corollarioa 
If  organic  forms  have  arisen  from  common  stocks  by  p 
petuol  divergences  and  redivergencea— if  they  have  con  tin  uo^ 
to  inlierit,  more  or  less  clearly,  the  characters  of  oiiceetni 
races;  then  there  will  naturally  result  these  commuiiitios  g 
fundamental  structure  among  extensive  assemblages  of  c 
lur«s,  that  have  severally  become  modified  in  countless  v 
and  degrees,   in  adaptation  to  their  respective   modes  i 
lii'e.  To  tills  let  it  be  added,  that  while  the  \kA\9, 

ill   an   intentional   adhesion   to  a   pre-determincd    patloi 
Uiroughoiit  a  whole  group,  is  totally  negatived  by  tho  o 
rence  of  occasional  devialions  frem  tho  pattern  ;  such  devi 
ntiona    are    reconcilable    with    the   belief  in  evolution, 
pointed  out  in  the  last  chapter,  tlicre  is  reason  lo  think  tht 
remote  ancest  rol  trait  s,  will  be  obscured  more  or  less  accord 
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B8  the  superposed  modifications  of  Rtructuro,  have  f>r  Iwt* 
nut  been  great  or  long  malntuiued.  Ucnco,  thoagh  the  occar- 
ronce  of  artit;iJate  aaimala,  Buch  as  apidcrs  and  mite*,  linring 
fewer  than  twenty  segments,  is  fatal  to  the  eupiMisitiou  tliat 
twenty  segments  was  decided  on  for  the  three  groups  of 
superior  Arlicitlata;  it  is  not  iucungruous  with  the  siippositioo, 
thut  some  primitive  race  of  artiuuhite  ouimuls,  Ix^uia tiled  to 
these  three  groups  this  common  tj-pical  character — a  chanctvr 
wliioh  hue  nevertheless,  in  many  cases,  become  greatly  ob< 
Bcured,  and  in  some  of  the  must  aberrant  ordere  of  tlum 
classes,  quite  lost. 

J!  134.  Beeidcfl  these  wide-embracing  and  often  deeply- 
hidden  homologies,  which  hold  together  different  animala» 
there  are  the  scarcoly-less  significant  homologies  botweeo 
dilfercnt  organs  of  tho  same  animal.  These  homologiea^ 
like  (lie  others,  nro  obstacles  to  tho  eupcmattinil  intorprota- 
tions,  and  supports  of  tho  natural  interpretation. 

Ono  of  the  most  familiar  and  instructive  instances  is 
furnished  by  the  vortcbrul  column.  Snakes,  which  move 
sinuously  through  and  over  plants  and  stones,  obviouaty 
need  a  segineiitatiou  of  the  bony  axis  from  end  to  end  ;  and 
inasmuch  us  flexibility  is  required  throughout  the  whole 
length  of  the  body,  there  is  adrantago  in  tho  companitiTO 
uuiformity  of  this  segmentation :  the  creoturo's  u)o\-emcml« 
would  be  impeded  if,  instead  of  a  chain  of  vertebra)  vaiying 
but  little  in  their  lengths,  there  existed  in  the  middle  of  Ibo 
scries  some  long  bony  mass  that  would  not  bond.  Hut  in  i»»t 
of  the  higher  Fvrt<-hrnta,  tho  moch.Tnioil  actions  tind  Itnio 
tinns  demand  that  while  some  parte  of  tho  vertebral  axis  ahaJl 
be  flexible,  otlier  part*  shall  bo  inScxible.  Inflexibility  is 
especially  requisite  in  that  pnrt  of  the  vertebral  colutna 
onlled  ihe  sacrum  ;  winch,  in  miunmals  and  birds,  foms  ft 
fulcrum  exposed  Vi  the  greatest  strains  whieh  tho  skeleton 
has  to  hear.  Now  in  both  mammals  and  birds,  thi<  rigid 
portion  of  the  vertt^hral  column  is  not  mode  of  otto  long 
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•uginent   or  vertebra,   but   of  sevenj  eegments  fused  1 
gether.      la  man  there  are  five  of  tbeae  confluent  sucral 
vertebrae ;  and  in  tho  ostrich  tribe  they  number  irom  serea- 
tecti  to  twenty.     TThy  is  tliia  ?     Why,  if  the  skuletfm  of 
each  speciea  waa  Bcparately  contrived,  was  this  bony  maaa 
luadu  by  soldering  together  a  number  of  vcrtehnD  like  those 
forming  tho  real  of  the  uolumo,  instead  of  being  made  out  of 
one  aimple  piece?    And  why,  iftypical  uniformity  was  to  bo 
maintained,  does  the  number  of  aacral  vertobne  vary  within 
tlio  aamo  order  of  birds  ?     Why,  loo,  should  the  develop- 
ment of  the  sacrum  bs  by  the  round'about  process  of  firat 
forming  its    separate   constituent   vertebnc,    and   then   de- 
stroying their  aeparateness  P     In  the  embrj'o  of  a  mammal 
or  bird,  the  substance  of  the  vertebral  column  is,  at  the  out- 
set, continuous.     The  segments  that  are  to  become  vertebraa, 
arise  gradually  in  the  midst  of  this  originally-homogcneotun 
axis.      Equally  in  those  parts  of  the  spine  which  are  tiH 
ivniain   flexible,   and  in   those   parts  which   are   to  groiA 
rigid,  these  segments  are  formed ;  and  that  part  of  tho  ttpina 
which  is  to  compose  the  sacnuu,  having  passed  out  of  its  ori- 
ginal unity  into  disunity,  by  aopirating  itself  into  segmeaita, 
pusses  again  into  unity  by  the  coalescence  of  those  segments. 
I'o  what  end  is  this  construction  and  re-construction  ?    If, 
originally,  tho  spine  in  vertebrate  animals  consisted  froia 
head  Ui  (uil  of  separate  moveable  segments,  as  it  docs  still  JaB 
fishes  and  some  reptiles — if,  in  the  evolution  of  the  higha^l 
t'crkhnttii,  certain  of  these  moveable  segments  were  ro»S 
dcrcd  le^  movciable   with   respect  to  each   other,  by  tha 
mechnuicul  conditions  to  which   tliey  ore  exposed,  and  at 
length  hccamo  relatively  immoveable ;  it  is  comprehensible 
why  iho  sacrum  formed  out  of  thum,  should  continue  evssl 
aft4>r  to  show  more  or  less  clearly  its  originally-segmentfl^l 
structure.      But  on  any  other  hypothesis,  this  segmcnte^B 
stnicture  is  inexplicable.  "  We  see  tho  same  law  in 

comparing  the  wonderfully  complex  jaws  and  legs  in  crusta- 
ceans," says  Mr  Darwin :  referring  to  the  well-known  iact 
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that  those  niinicroiis  lateral  appendages  which,  iu  the  knrtf 
crustuccaiiH  niotit  of  them  Berve  as  legs,  and  have  like  abape^ 
arc,  in  the  higher  eniHtaceans,  some  of  tfaent  repn^sentcd  by 
Daorniously-duvolopod  claws,  and  others  by  Tariously-taotU- 
fied  foot-jaws.  "  It  is  familiar  to  almost  CTcrj-  one,"  hw 
coatiiiues,  "  that  iii  a  flower  the  relative  portion  of  ths 
Bcpola,  petals,  stomona,  aud  pistils,  as  well  as  their  intimate 
struLtm-e,  are  intelligible  ou  the  view  that  they  oouaiat  of 
metftinorphoscd  leaves  arranged  in  a  apirc.  In  tnoostroua 
plants  wo  often  get  direct  evidence  of  the  possibility  of  oao 
organ  being  transformed  into  another ;  and  we  can  actually 
B(.«  in  embryonic  crustoceuns  and  in  many  other  aninuds,  and 
in  flowers,  that  organs,  which  when  mature  become  oxtremcly 
dllferent,  ore  at  an  early  stage  of  growth  exactly  alike." 
*  *  ■  "  Why  should  one  crustacean,  which  has  an  ex- 
tremely complex  mouth  formed  of  many  ports,  consequently 
always  have  fewer  le^ ;  or  conversely,  those  with  many  legs 
have  simpler  mouths  P  Why  should  the  ecpuls,  petaU, 
stamens,  and  pistila  in  any  individual  flower,  though  fitted 
for  such  widely-different  purposes,  be  all  constructed  on  the 
same  pattern  ?  " 

To  these  and  countlosa  similar  questions,  the  theory  at 
evolution  furnishes  the  only  rational  answer.  In  the  coone 
of  that  change  from  homogeneity  to  heterogeneity  of  Btrtio- 
turo,  disiilayed  in  evolution  under  oveiry  form,  it  will  nece*- 
sarily  happen  that  from  organisms  mode  up  of  numerona 
like  ports,  there  will  arise  orguulams  mndo  up  of  [lorts  mora 
and  more  imlike  :  which  nnllke  part«  will  ncvcrthclcas  ooa- 
tinuv  tu  bear  traces  of  tbeir  primitive  likenoM. 

$  l-JS.  Ouo  mora  striking  morpholc^cul  fiKl,  near  alda 
(4  somo  of  tho  facts  dwelt  on  in  the  lust  clmpter,  mtiat  b* 
hero  sot  down — the  fn^quont  occumniL-e,  in  otlult  animal* 
end  pluuts,  of  rudimootary  and  uwlcm  orgnns,  wltich  an 
homologous  with  organs  that  are  devflopiid  and  uaeAU  in 
allied  animali  and  ploiita.     In  the  lost  chapter  we  saw  tlut 
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during  tho  development  of  emljryos,  tliere  often  arise  orj 
which  disappear  on  being  replaced  by  other  organs  dia- 
chnrging  the  same  functions  in  different  ways ;  and  that  in 
some  caaes,  organs  derelop  to  certain  points,  and  are  then 
re-absorbod  without  performing  any  functions.  But  veryj 
generally,  the  partially-dovelopod  organs  are  retaint 
throughout  life. 

The  osteology  of  tho  higher  yerlebrata,  supplies  abundant 
examples.  Vertebral  processes  which,  in  one  tribe,  are  fully 
formed  and  ossified  from  independent  centres,  are,  in  other 
tribes,  mere  tubercles  not  having  independent  centres  of 
ossification.  While  in  the  tail  of  this  aiiimij,  tho  vertebrEO 
arc  severally  composed  of  centrum  and  appendages,  in  the 
tail  of  that  animal,  they  are  simple  osseous  masses  without 
any  appendages  ;  and  in  another  animal,  they  have  lost  their 
individualities  by  coalescence  with  neighbouring  vertebriB 
into  a  rudimentary  taiL  From  the  atructures  of  the  limbs, 
analogous  facts  are  cited  by  comparative  anatomists.  The 
undeveloped  state  of  certain  metacarpal  bones,  eharactoi 
whole  groups  of  mammals.  In  one  case  we  find  the  noi 
number  of  digits ;  end,  in  another  case,  a  smaller  nuiiil 
with  an  atropliied  digit  to  make  out  tho  complement.  Here 
B  digit  with  its  full  number  of  phalanges ;  and  there  a  digit  of 
which  one  phalange  has  been  arrested  in  its  growth.  Still 
more  remarkable  ore  the  instances  of  entire  limbs  being  rudi* 
mcntary ;  as  in  certain  snakes,  which  have  hind  legs  hidden 
beneath  the  integument.  So,  too,  is  it  with  the  dermal  ap- 
pendages. Some  of  the  smooth-skinned  amphibia  have 
buried  in  the  skin.  Tho  seal,  which  is  a  mammal  considera! 
modified  in  adaptation  to  an  aquatic  life,  and  which  uses 
foet  mainly  as  paddles,  has  toes  that  atiU  bear  external  ni 
but  the  manatee,  which  is  a  much  more  transformed  i 
mal,  has  noillcss  paddles,  which,  when  the  skin  i 
moved,  ara  said,  by  Humboldt,  to  display  rudimentary 
at  the  ends  of  the  iiobodded  digits.  Mearly  all  birds 
ooTered  with  developed  feathers,  severally  composed  of  a 
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beariug  fibres,  each  of  which  again  bears  a  &ingo  of  dowd. 
Hut  ill  Bomo  birda,  as  iu  tho  ostrich,  various  stages  oTarresUid 
dbvelDpinent  ot'  the  feathers  may  \m  tniced ;  begimmig  with 
the  un usually- thiboralud  feathers  of  tho  tuU,  and  ending  with 
llioHC  about  the  beak,  which  are  reduced  to  simple  hairs.  Nor 
id  this  the  extreme  cose,  ia  the  Ajttert/x  we  see  the  whola 
of  tho  feathers  •rduccd  t  a  haii>likc  form.  Again,  the  hair 
which  commonly  covers  the  body  in  mammals,  is  comp&rs- 
tively  rudimentary  over  tlie  greater  part  of  the  human  body, 
and  is  in  some  J>art3  reduced  to  mere  down — dowa  wliiob 
iievertheh"88  proves  itself  to  bo  homologous  with  the  hair  of 
iitaiiimab  in  general,  by  oct-asionally  developinjf  into  tha 
oripinid  form.  Numerous  cases  of  aborted  organs  are  girea 
by  Jlr  Darwiii,  of  which  a  few  may  be  here  added.  "  Ko- 
thing  can  be  plainer,"  bo  remarks,  "than  that  wings  are  formed 
fur  flight,  yet  in  how  many  insects  do  wo  see  wings  so  reduced 
in  Kizo  as  to  be  utterly  incapable  of  flight,  and  not  nreiy 
lying  under  wing-cases,  firmly  soldered  togotburl"'  •  •  • 
"  In  plants  with  sopuraled  sexes,  the  male  ilowers  often  ban 
a  rudijiient  of  a  pistil ;  and  Eolroutcr  found  that  by  oroasing 
such  male  plants  with  nn  hemiai>hr(xlite  species,  tho  rudi* 
ni'-iit  or  the  pistil  in  the  hybrid  oflspring  was  much  Incroaaed 
in  si^e ;  and  this  shows  tliat  the  rudiment  and  the  perfect  pistil 
are  essentially  alike  in  nature."  And  then,  to  com[ileta  the 
proof  that  these  uudovoloped  parts  are  marks  of  descent  [h>in 
ni(i-8  ill  wliieh  they  were  developed,  there  are  not  a  few  direct 
experiences  of  this  relation.  "  We  have  plenty  of  oaaw  of 
rudimentary  organs  in  o\ir  domestic  produolions — as  tb* 
slum])  of  a  tail  iu  tailless  breed* — the  vestige  of  an  car  in 
curh-!M  breeds — the  re-ajtpearance  of  minute  dangling  bonu 
in  hornless  breeds  uf  cattle." 

Here,  as  before,  the  tt.'WIogiud  ductrino  fails  utterlj; 
for  these  rudimentary  organs  are  uoelivts,  and  oocosioaaUy 
wen  ih'triiuental.  The  doctrine  of  tyjrical  plans  is  e(]ually 
out  of  court ;  fur  while,  in  some  memlMTs  of  a  group,  mdi- 
mentary  organs  c-omplitiog  the  gi'uend  type  are  traccablch 
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in  other  membors  of  the  same  group,  such  organs  are  unre- 
presented. There  remains  only  the  doctrine  of  evolution ; 
and  to  this,  these  rudimentary  organs  offer  no  difficidties. 
On  the  contrary,  they  are  among  its  most  striking  evi- 
dences. 

S  136.  The  general  truths  of  morphology  thus  coincide  in 
liieir  implications.  Unity  of  type,  maintained  under  extreme 
dissimilarities  of  form  and  mode  of  life,  is  explicable  as  re- 
sulting from  descent  with  modification ;  but  is  otherwise 
inexplicable.  The  likenesses  disguised  by  unlikenesses,  which 
Ihe  comparative  anatomist  discovers  between  various  organs 
in  the  same  organism,  are  worse  than  meaningless  if  it  be 
supposed  that  organisms  were  severally  framed  as  we  now 
sec  them  ;  but  they  fit  in  quite  harmoniously  with  the  belief, 
that  each  kind  of  organism  is  a  product  of  accumidated 
modifications  upon  modifications.  And  the  presence  in  all 
kinds  of  animals  and  plants,  of  functionally-useless  partR 
corresponding  to  parts  that  are  functionally-useful  in  allied 
animals  and  plants,  while  it  is  totally  incongruous  with  the 
belief  in  a  construction  of  each  organism  by  miraculous  in- 
terposition, is  just  what  we  are  led  to  expect  by  the  belief 
tiutt  organisms  have  arisen  by  progression. 


CHAPTER  Vn. 

TOE   ARGUMENTS    FROM    DlSTRIBOTICai. 

S  137,  Is  g§  105  and  106,  we  cootemplatcd  tho  pi 
of  distribution  in  Sptico.  The  general  conclu&ionA 
in  great  part  based  oa  the  evidence  brought  together 
Darwin,  were  that, "  on  the  one  hand,  we  have  idmilarii 
ditioncd,  and  sometimos  noarly-adJac«nt,  aroaa,  occupied  hy 
qiiito  different  Faunas.  On  the  other  hand,  wo  hare  aresa 
remuto  from  each  other  in  latitude,  and  cuntnistud  in  soil  na 
wfll  as  climate,  which  are  occiipied  hy  closely-allied  Paunaa." 
WliL'iiee  it  was  ini'orred  that  "  aa  like  organisms  are  not  uni- 
vorsaUy,  or  oven  ponerally,  found  in  liko  habitata ;  nor  very 
unlike  organisms,  in  rcry  unlike  habitats ;  there  is  no  manifest 
])ro-di!leniiincd  uduptulioa  of  the  organisms  to  the  habitats." 
In  other  words,  the  facta  of  distribution  in  Space,  do  not 
confoiTD  to  the  hypothofiis  of  design.  At  tho  imiff^^ 

time  WD  saw  that  "  the  similar  areas  peopled  by  dissimilar 
forms,  arc  tlioac  between  which  Ihcro  are  impuAttable  barrion  ; 
while  the  did-iimilar  areas  peopled  by  ainulor  fumia,  are  thoae 
between  which  there  are  no  such  barriers ;"  and  these 
generaliiutlions  appealed  to  be  iu  harmony  witli  the  abund- 
antly-il  lust  rate<l  truth,  "  that  each  apcoios  of  organism  tends 
orer  to  expand  its  sphere  of  existence — to  intrude  on  other 
an-iit.  olLer  mudcn  of  life,  otlicr  modia." 

By  way  of  showing  still  more  clearly  tho  effects  of  this 
oonipviitioa  among  nic«s  of  organisms,  let  me  here  add  •oma 
leocmtly^puliUshed  instances  of  the  usurpoUoos  of  areas,  and 
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changes  of  diBtrlbution  hence  resulting.  In  tbo  Naturtil  ili»l 
tory  lloview  for  Janumy,  1864,  Dr  Hooker  quotes  as  foUova 
from  soiiioNow  Zealand  naturalJata : — "  Toiiwou]d  beaurpriaod 
at  the  rupid  spread  of  European  and  other  foreign  plants  in. 
this  uountiy.  vVU  along  the  sides  of  the  main  Kaes  of  i 
tlirough  the  plains,  a  Polygonum  {adcularc),  called  '  i 
Grass,'  grofvs  must  luxuriantly,  the  roots  sometimes  two  foe 
in  depth,  anit  the  plants  spreading  over  an  area  from  four  b 
five  feet  in  diameter.  The  dock  {Itiimfx  ohliiatfoUua  or  J 
rigp\i»)  is  to  bo  foimd  in  every  river  bed,  extending  into  t 
valleys  of  the  mountain  rivers,  until  these  become  mere  toi^ 
rents.  The  sow-thistle  is  spread  all  over  the  country,  grow 
luxuriantly  nearly  up  to  SOOOfeet,  Thowater-eresa  increases" 
iu  our  etill  rivers  to  sueh  an  extent,  as  to  threaten  to  choke 
them  alto^ther :  •  *  "  I  have  measured  stems  twelve  feet 
long  and  three-qmirters  of  an  inch  in  diameter.  In  some  of 
the  mountain  districts,  where  the  soil  is  loose,  the  white  clover 
is  completely  displacing  the  native  grassea,  forming  a  cluoe 
sword.  ■  *  •  In  fact,  the  young  native  Tcgetation  appe 
to  shrink  &om  competition  with  these  more  vigorous  i 
trudera."  "  The  native  (Jfaori)  saying  is,  '  as  iho  whib 
man's  rat  has  driven  away  the  native  rat,  so  the  European 
fly  drives  away  our  own,  and  the  clover  Itilla  our  fern,  so 

I  will  the  Maoris  disappear  before  the  white  man  himself.'  " 
Given  this  nniveraal  tendency  of  the  superior  to  over- 
run the  habitats  of  the  inferior ;  let  us  consider  what,  on  the 
hypothesis  of  evolution,  will  be  the  effects  on   the  geo- 
graphical relationships  of  species, 
: 


%  138.  A  race  of  organisms  cannot  expand  its  sphere  a 
existence,  without  subjecting  itself  to  now  external  conditioqi 
Those  of  its  members  which  spread  over  adjacent  i 
inevitably  come  in  contact  with  ciroumstancea  partia 
diifcrent  fiom  their  previous  circumstances;  and  such  < 
them  as  adopt  the  habits  of  other  organisms,  neceasari 
experience  re-actioos  more  or  less  contrasted  with  the  i 
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actioofi  before  experionced.  Now  if  cliangi>s  of 
structure  ore  cuuaod,  directly  or  indirectly,  by  choiigus 
tbe  incidence  of  forces  ;  thoro  most  result  unUkenoMes  o 
BtmutuTo  between  the  divisions  of  a  race  whicb 
now  babituts.  Ilencc,  iu  the  absence  of  obstuclos  to  mign^ 
tioD,  we  may  anticipate  manifest  kiusbipa  between  th 
animals  ajid  plants  of  one  area,  and  those  of  areau  adjoining  il 
Thin  inference  coireitponda  with  an  indactido  boforo  mi 
down  (§  100).  In  addition  to  the  illustrations  of  it  alread; 
quoted  froin  Mr  Darwin,  his  pa^es  furnish  otbera.  One 
that  B]H-cies  which  inhabit  iidands  are  habitually  allied  to 
species  which  inhabit  neighbouring  main  lands;  and 
olhcT  is  thut  tiis  faunas  of  clustered  islands  bLow  marked 
«itiiihti'itins.  "Thus  the  several  islands  of  th«  Oalapogof 
Aruhi]x;liigo  are  tcnantod,"  aaya  Mr  Darwin,  "in  a  qidUi 
luarvellous  manner,  by  very  closely  related  epocies ;  ao  Lbot 
the  iuhabitanta  of  each  separate  island,  though  mostly  dis- 
tinct, are  related  in  an  incomparably  closer  degree  to  each 
other  than  to  the  inhabitants  of  any  other  part  of  the  worhl." 
Mr  WuUuce  hiis  Inwwl  "  variation  as  specially  influcnocd  by 
liitiJily  "  among  the  Ptipiliimiilr  iiihubJting  the  East  Indian 
Archipelago:  showing  how  "the  species  and  varieticA 
CclelHss  possess  a  striking  charm:ler  in  the  form  of  ) 
anterior  wiugs,  diU'erunt  from  tliat  of  tliu  allied  spocioa  and 
varieties  of  all  the  surrounding  islands ; "  and  how  "  tnilMl 
species  in  India  and  the  western  islands  lose  their  tjula 
thoy  eprcnd  eastward  through  the  archipelago."  During 
his  IniveU  on  the  Upper  Amazons,  Mr  Dates  found  tlist 
"  the  greater  part  of  the  ajiecioa  of  Ilhomi/r  changed  front 
one  locality  to  another,  not  further  removed  than  100  to  200 
milea  J  "  that  "  many  of  iheso  local  species  have  tho  appenr- 
anoo  of  being  geographical  varieties ; "  and  that  in  aon 
specicft  "  most  of  the  local  vitnetiea  arc  conncctwl  with  ibti 
[HiroDt  form  by  individuals  exhibiting  all   thu  ahadd  < 

Further  g«-ni'ral    rclalioni'hiiia   are   to  be   iiif'-rrcd.      1 
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races  of  organisms,  ever  being  thrust  by  pressure  of  popula- 
tion into  new  habitats,  undergo  modifications  of  structure  as 
they  diverge  more  and  more  widely  in  space,  it  follows  that, 
speaking  generally,  the  widest  divergences  in  Space  will 
indicate  the  longest  periods  during  which  the  descendants 
from  a  common  stock  have  been  subject  to  modifying  con- 
ditions ;  and  hence  that,  among  organisms  of  the  same 
group,  the  smaller  constrasts  of  structure  will  be  limited 
to  the  smaller  areas.  This  we  find:  "varieties  being,' 
as  Dr  Hooker  says  in  his  Flora  of  Tasmaniay  "  more  re- 
stricted in  locality  than  species,  and  these  again  than 
genera."  Again,  if  races  of  organisms  spread,  and 

as  they  spread  are  altered  by  changing  incident  forces ;  it 
follows  that  where  the  incident  forces  vary  greatly  within 
given  areas,  the  alterations  will  be  more  numerous  than  in 
equal  areas  which  are  less- variously  conditioned.  This,  too, 
proves  to  be  the  fact.  Dr  Hooker  points  out  that  the  most 
uniform  regions  have  the  fewest  species ;  while  in  the  most 
multiform  regions  the  species  are  the  most  numerous. 

§  139.  Let  us  consider  next,  how  the  hypothesis  of 
evolution  corresponds  with  the  facts  of  distribution,  not  over 
difierent  areas,  but  through  different  media.  If  all  forms  of 
organisms  have  descended  from  some  primordial  simplest 
form,  it  follows  that,  since  this  primordial  simplest  form 
must  have  inhabited  some  one  mediimi  out  of  the  several 
media  which  organisms  now  inhabit,  the  peopling  of  other 
media  by  its  descendants,  implies  migration  from  one 
medium  to  others — ^implies  adaptations  to  media  quite  unlike 
the  original  medium.  To  speak  specifically — ^^vater  being 
the  medium  in  which  the  lowest  living  forms  exist,  it  is 
implied  that  the  earth  and  the  air  have  been  colonized  &om 
the  water.  Great  difficulties  appear  to  stand  in  the  ^ay  of 
this  assumption.  Ridiculing  those  who  contend  for  the  uni- 
serial  development  of  organic  forms,  who  have,  indeed,  laid 
themselves  open  to  ridicule  by  their  many  untenable  pro* 
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positiona,  Von  Baer  writes — "A  fish,  smnunlng  toward 
t}iH  8hor(<,  dosiroa  to  tuke  a  walk,  but  finds  his  fins  Daelea& 
They  diniininh  ia  breadth  for  wont  of  use,  and  st  ttia 
thae  elongate.  This  goes  on  n'ith  children  and  grandchfl- 
dren  for  a  few  niilliona  of  years,  and  at  lust  who  can  be 
tonishcd  that  tbo  fins  beeomo  feet  P  It  is  sliU  mora  notuni 
that  the  fish  in  the  meadow,  fjnding  no  water,  should  gap* 
after  air,  thereby,  in  a  like  period  of  time  dvveloptnf 
lun^;  the  only  difficiJty  bv-iiig  tliat  in  Iho  monnwhile, 
a  few  generations  must  roitiingo  without  bnsitliin)^  at 
bU."  Though,    aa   thus    presented,  iho   belief   in  ■ 

transition  looks  laughable  f  and  though  such  derivation  of 
terrestrial  vertobratos  by  direct  modification  of  the  ^lacina 
typo,  18  wntenuble ;  yet  we  must  not  therefore  conclude  th«t 
no  niigrutions  of  tlie  kind  alleged  can  have  lalcon  place. 
The  adage  that "  truth  is  fitran<^r  than  fiction,"  applies  i^uita 
as  much  to  Katurc  in  general  a&  to  human  life.  IteaidGs  Uis 
fact  that  there  are  certain  fish  which  actually  do  "  take  • 
walk "  witlinut  any  very  obvious  reason ;  and  bosidca  tfa* 
fuel  that  sundry  fish  ramble  about  on  land  when  im[wtl«(l 
to  do  so  by  the  dryisg-up  of  the  wiiters  inhabited  by  thorn  ; 
there  is  the  still  more  astounding  liict,  that  one  kind  of 
climbs  trees.  Few  things  seem  more  obviously  impomu'lilp, 
than  lliat  a  water-broatliing  creature  without  efficiont  limbo 
sliould  aseend  eight  or  ton  feet  up  the  trunk  of  a  palm 
yet  iho  Annbas  scnnJens  docs  us  much.  To  prcvioua  testi- 
monies on  this  point,  Capt.  Mitchell  has  recently  luldcd 
Others.  Such  ninurkablo  cases  of  temporary  changes 
media,  will  prepare  ns  for  conceiving  how,  nnder  special  ooa* 
ditions,  permanent  i^hanges  of  media  may  huvo  takes  pisooj 
and  for  considering  how  the  doctrine  of  evolution  is  elnei 
dated  hy  ihem. 

Both  marine  orffaniams  and  fresh-water  orgunisnu,  an 
many  of  them  IrtY  from  time  to  time  partially  or  comidotaly 
without  water  ;  and  the  creature*  which  show  the  power 
cfaange  their  media  temporarily  or  pormanontly,  are  in 
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m&ny  oases,  of  the  kinds  most  liable  to  be  thus  desoited  \ 
their  medium.     Let  us  consider  what  the  uea-shore  shown 
us.  Twice  a-day  tho  rise  and  the  fall  of  iho  tide, 

covers  and  uucovcra  countless  plants  and  animals,  fixed  and 
moviiif; ;  und  througli  the  alu-ruation  of  spriiig  and  neap 
tides,  it  resulls  that  the  exposure  of  tlie  organisms  living  low  i 
down  on  the  beach,  vimoa  both  in  frequency  and  duration:'] 
wliile  some  of  them  are  lei^  dry  only  once  a  fortniglit  for  al 
very  short  lime,  others  a  little  higher  up,  are  left  dry  during 
two  or  three  hours  at  several   ebb  tides   every    fortnight. 
Then  by  small  gradations  wo  come  to  such  as,  living  at  the 
top  of  the  beach,  are  bathed  by  Biilt-water  only  at  long  in- 
tervals ;  and  BtHl  higher  to  some  which  are  but  occasionally 
splashed  in  stormy  weather.     "What,  now,  do  we  find  among 
tho  organisms  t'.us  subject  to  various  regular  and  irregular 
altcnialions  of  media  ?     Besides  many  plants  and  many  fixed 
nnimnlrf,  we  find  nnmerona  moving  animals ;  some  of  which 
Rre  confined  to  the  lower  zones  of  this  littoral  region, but  othen  J 
of  which  wander  over  tho  whole  of  it.  Omitting  the  humblw  I 
animal  forms,  it  wUl  suffice  to  obeen'o  that  each  of  the  two  ^ 
great  sub-kingdoms,  Mollusea  and  ArUciilata,  supplies  ex- 
amples of  creatures  having  a  wide  excurdveness  wilhin  thia 
region.     We  liavo  gnatcropods  which,  when  the  tide  is  down, 
habitually  creep  snidl-like  oi-er  sand  and  sea- weed,  oven  up  as 
far  as  Iiigh-watw  mark.  Wo  have  several  kinds  of  crustaceans, 
of  which  tho  crab  is  the  most  conspicuous,  running  about  on 
tho  wet  beach,  and  sometimes  rambling  beyond  tho  roach  of 
the  water.    And  then  note  tho  striking  fiicf,  that  each  of  thc«o 
forms  thus  habituated  lo  changes  of  media,  la  allied  to  fonns 
that  uro  mainly  or  wholly  terrestrial.    On  the  West  Coast  of  J 
1  ri'Iand,  marine  giistoropods  are  found  on  the  rocks  three  huiv-  1 
drpd  ffot  above  ihc  sea,  where  tlicy  iiro  only  at  long  intervnla  1 
wettfd  by  the  spray ;  and  though  between  gasleropuds  of  this 
tlosa  and  laud-gaslDiopods  the  ditlereuces  arc  considomblo,  yet 
tho  hmd-gastoropods  are  moro  closely  allied  to  tliem  than  to 
*ny  other  Mollusea.    Similarly,  the  two  highest  aiders  of  J 
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cmstaceans  havo  their  spocios  which  lire  ocutsUiualljr, 
slmost  BBtlrely,  out  of  the  water :  there  is  a  kind  of  lobaU 
in  the  Mauritius  which  cliinba  trees;  and  there  is  the 
cnib  of  the  West  Iiidios,  which  deserts  the  am  whctt  it 
maturity,  and  re-^-isita  it  only  to  spawn.  Seeing,  thus, 
there  are  muny  kiiids  of  muniiu  creatures  who«o  luibitxl 
hubituully  expctscB  them  to  changes  of  media ;  how  autno 
the  higher  kiuds  so  eireumstoDued,  show  a  coamdenble  aditi>t- 
utioQ  to  both  media ;  and  bow  these  amphibious  kinds 
allit^d  to  kinds  tbut  are  maiuly  or  wholly  tomntrud  ;  «-a 
ehidl  see  that  the  migi'ations  fiam  oue  mL-dium  to  another, 
which  evolution  pro-aupposos,  are  by  no  means  impmcticabli!. 
With  such  evidence  before  us,  the  osKUiuption  that  tha  dl^ 
tribution  uf  the  P'ertfbrata  through  mediii  so  dilfcamit  as  air 
and  water,  may  have  bocQ  gradually  elFocted  in  someanologooi 
mauner,  would  not  be  altogether  unwaminted,  e" 
no  clue  to  the  procoas.  We  shall  tiad,  howevur.  ■  tolenbtjr 
distinct  clue.  Iliough  rivers,  and  lakm,  and  pouli^ 

havo  no  sensible  tidal  variations,  they  have  their 
falls,  regidar  and  irregular,  moderate  and  extreme.  Evpcoallr 
in  tropical  climates,  we  sec  them  annually  Adl  for  a  certain 
number  uf  months,  and  then  dwindling  away  and  dryine  up. 
This  drying  up  may  roach  rarious  degrees,  and  last  for 
periods  :  it  nuiy  go  to  the  exttint  only  of  prtKlucing  a  liqnid 
mud,  or  it  may  reduce  the  mud  to  u  hardened,  fissuivd  aolid  ; 
it  may  lust  for  a  day  or  two  or  for  tuonths.  That  is  to  nr, 
aquatic  forms  whioh  are  in  one  place  annually  subjcot  to 
slight  want  of  wutor  for  a  short  time,  are  elsowhere  mibjooC 
U>  greater  wants  for  longer  times ;  we  hava  gradutkiiw 
tntiuitii)n,  unidogiius  to  those  which  the  tides  furnish.  Xow 
it  is  well  known  that  creatures  iiihabiling  such  wult^tni,  luivi^ 
in  rarious  degrees,  powers  of  meeting  Ibese  contingeucM. 
The  contained  £sh  either  bury  Ihcinselvt^  in  tho  mud 
when  tho  dry  sonson  comos,  or  ramble  in  Hciirch  of 
walors.  This  is  proved  byovideiin.  from  India,  Guiana,  Sii 
Ceylon ;  and  some  of  those  fish,  as  tho  Ai'iliu  teantUiu, . 
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faiown  to  survive  for  days  out  of  the  water.  But  tlie  facta 
greutest  eignificaDce  are  fumiahed  by  &d  allied  class 
/''erlebratii,  almost  peculiar  to  habitats  of  this  kind. 
Amphlhia  are  not,  like  fish,  habitually  found  iu  waters  tl 
are  never  partially  or  wholly  dried  up ;  but  they  nearly 
inhabit  waters  which,  at  cerUiIa  seasons,  evaporate,  in  g 
moasuro  or  completely — waters  in  which  most  kinds  of 
cannot  exist.  And  what  ore  the  leatling  structural 
these  Amphihia?  They  have  two  respiratory  systems— 
pulmonic  and  bronchial — ^variously  developed  in  difierent 
oidera ;  and  they  have  two  or  four  limbs,  also  variously  de- 
Tclopcd.  Further  the  class  Amphibia  cousiata  of  two  groups, 
in  one  of  which  this  duality  of  the  re-spiratory  system 
permanent,  and  the  development  of  the  limbs  always  incom- 
plete ;  and  in  the  other  of  which  the  branching  disap^iear 
the  lungs  and  limbs  become  fully  developed.  The  low* 
group,  the  Penmnibranchiata,  have  organs  homologous  wil 
the  air-bladders  of  fishes,  transformed  in  various  degrees' 
into  lungs,  imtil  "  in  the  Sh-en,  the  pulmonic  respiration  is 
more  extensive  and  important  than  the  branchial ;  "  and  to 
these  creatures,  haring  a  habitat  partially  ai-riiJ  and  partially 
aquatic,  there  are  at  the  same  time  supplied,  in  the  shallow 
water  covering  solt  mud,  the  mechanical  conditions  which 
render  swimming  difficult  and  rudimentary  limbs  useful. 
In  the  higher  group,  the  Caditcibranchiatii,  we  find  slill  more 
suggestive  transforniationa.  Having  at  first  a  structure  re- 
ecmbling  that  which  is  permanent  in  the  porennibraiichiate 
amphibian,  the  larva  of  the  caducibranchiato  amphibian, 
pursues  for  a  time  tt  similar  life;  but  eventually,  the 
changes  are  earned  further  in  the  same  diruction :  the  respir- 
Btion  of  air,  originally  supplemenlary  to  the  respiration  of 
water,  predomiuules  over  it  more  and  more,  till  it  replaces  it 
entiiL'Iy ;  and  on  additional  pair  of  legs  la  produced.  Thia 
having  been  done,  the  creature  either  becomes,  like  the  Trit'mt 
taie  which  quits  the  water  only  occasionally ;  or,  like  the 
Frog,  one  which  pursues  a  life  mainly  terrestrial,  and  i-etuma 
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to  tho  water  now  and  then.     FiDBlly,  if  we  aak  under  w1 
conditions  this  mctomorphosiB  of  a  water- bn>atlirr   into 
air-breather  completes  itaelf,  the  answer  is — it  com)>tt>tai  it 
self  at  tho  time  when  tho  shtillow  pools  inbAbitcd  hy 
larviG,  arc  being  dried  up  by  the  sumiuur's  sun.* 

Sec,  ihea,  Ituw  eigniticaat  are  tho  i'acts  when  thoa  brough 
together.  There  are  particular  habituts  in  which  aninukls 
subject  to  chungos  ol'  medio.  In  such  habitats  cxiat  aoin 
having,  in  various  degrees,  the  power  to  live  in  both  medij 
consequent  on  Tarious  phases  of  transitional  orgsnUBtiaa 
Near  akin  to  these  tuiimala,  there  are  w>mc  that,  uA«r  pawiiij 
their  earlj  lives  in  the  water,  acquire  more  ec'n)i>k'tel3^  Uv 
stnictures  fitting  tlieni  to  live  on  hind,  to  which  ihc^  Urn 
migrate.  Lostly,  wo  have  closely-allied  creatares  Uko  tbi 
Surinam  toad  and  Uio  terrcstriid  salamander,  which,  thoupl 
they  belong  by  ihdr  slniutarea  to  the  class  Aniphibta,  ar 
not  amphibious  in  their  habits— creatures  the  iannc  of  whkl 
do  not  pass  their  early  lives  in  the  wat«r,  and  yet  go  thron||l 
these  same  metamorphoses  !  Must  we  then  think  tbat 
distribution  of  kindi'cd  organisms  through  ditforeut 
prcsonts  an  insurmountable  dilliculty  ?  On  the  coatnry, 
with  facts  like  these  before  us,  tho  oroliition-hypothi 
supplies  possible  interpretations  of  many  phenomena  that 
eUe  unaccountable.  Realixing  the  way  in  which  such  cbanga 
of  media  are  in  some  cases  gradually  impiNKd  by  physii 
oonditions,  and  in  other  cases  voluntarily  commonced  r 
slowly  increased  in  tho  search  aflcr  food  ;  we  slkall  begin 
understand  how,  in  the  coorso  of  evolution,  there  havo  ana 

•  WUil<i  thru  pHgci  iro  pauin»  tbraosli  Uie  pri^t,  Dr  ni-<ki7  h»  (ihU| 
mc  hj  p-iinUiijt  out,  Uut  ■*  pliuU  ilTiTd  nianj  anIIi'Dt  cuiiiiiEh  "  a 
tniniitKra*.     H«  mji  Oint  uaoni;  true  "  w»(w  I'UoU,"  Uii-'o  an  fvund.  b 

vllicr  tiriotin  in  «hi>:h  Ikty  tre  ail  tloating ;  uhI  ntlirr  isrirtii^  In  vkti^  l] 
■re  all  mlinirrpHl.  Furtiw,  thai  minj'  pUntt  ohatBctarinJ  \>J  aaotlajt  Imi 
■nd  which  bare  all  Ihrir  Innia  toUiag  *h<<ii  lh>7  yruw  in  itiTpnr  ^mtat, . 
(uund  with  puxlj  utial  lmt»  "lien  lU')'  K'""  ''«  •hall'.m*  wiUCT ;  sad  I 
ilMwbeiv  lluTy  occur  in  tiliuuil  ilij  »U  Willi  all  Uitrir  Iraii*  uiUL 


{  ABOUICSIITS  FHOH   DISTRIBOTION. 


llJiose  strauge  obscurations  of  one  type  by  tbe  externals  of 
anotber  type.  When  we  see  land-birda  occasionally  feeding 
by  tbe  water-side,  and  tben  leam  that  one  of  them,  the  water- 
ouzel,  an  "  anomalona  member  of  the  strictly  terrestrial 
dinish  family,  wholly  subsists  by  diving — grasping  tbe  stonea 
*ith  its  feet  and  using  its  wings  under  water  " — we  are  en- 
-■bled  to  comprehend  how,  under  pressure  of  populatinn, 
:aquatic  habits  may  be  acquired  by  creatures  organized  fur 
aerial  life  ;  and  how  there  may  eventually  arise  an  omithio 
type,  in  which  the  traits  of  the  bird  are  very  much  disguiBcd. 
Finding  among  mammals,  some  that  in  search  of  prey  or 
abelter,  have  taken  to  tbe  water  in  Tarious  degrees,  we  shall 
oease  to  be  perplexed  on  discovering  the  mammalian  structure 
Ilidden  under  a  fish-like  form,  as  it  is  in  the  Cetacea.  Grant 
^liat  there  has  over  been  going  on  that  re-distribution  of 
organisms,  which  we  see  still  resulting  from  their  intrusions 
on  one  another's  areas,  media,  and  modos  of  life ;  and  wo 
have  an  explanation  of  those  multitudinous  cases  in  which 
liomologies  of  structure  are  complicated  with  analogies.  And 
Iphile  it  accounts  for  the  occurrence  in  one  medium  of  or- 
ganic types  fimdamentally  organized  for  another  medium, 
the  doctrine  of  evolution  accounts  also  for  the  accompany- 
ing imfitnesaea.  Either  the  senl  has  descended  from  some 
mammal  which  little  by  little  became  aquatic  in  its  habits, 
1  which  case  tbe  structure  of  its  hinl  limbs  has  a  mean- 
ing; or  ebn  it  was  specially  framed  for  its  present  habi- 
tat, in  which  case  the  structure  of  its  hind  limbs  is  inconi- 
prehensible. 

§  140.   The  facts  respecting  distribution  in  Time,  which  . 
have  more  than  any  others  been  cited  both  in  proof  and  in 
isproofof  evolution,  are  too  fragmentary  to  be  conclusive 
either  way.     Were  the  geological  record  complete,  or  did  it, 
B  both  Uniformitarians  and  Progressionists  have  habitually  1 
BBsumed,  give  us  traces  of  the  earliest  organic  fonns ;  the  I 
evidence  hence  derived,  for  or  ^;ainst,  would  have  had  n 
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weight  than  any  other  evidence.  Ab  it  ia,  all  ve  cau  do  ii 
Bee  whelher  such  fragmentary  evidence  oa  ronuiias,  is  o 
gmous  witli  the  hypothesis. 

Faiicoutology  has  shown  that  there  is  a  "  general  relatia 
between  lapse  of  time  and  divergence  of  orgiuiio  forms 
(S  107)  i  and  that "  this  divergence  is  comparatirely  slow  im 
continuous,  where  there  is  continuity  in  the  geological 
tions,  but  is  sudden  and  companitiTcly  wide,  wheroror  thi 
occurs  a  great  break  in  the  succession  of  strata."  Sow  i 
ia  obviously  what  we  should  expect.  The  hypotheus  imp] 
structural  changes  that  are  not  sudden  but  graduaL 
where  coiifumuibie  strata  indicate  a  continuous  record, 
may  cipect  to  find  succeasions  of  forms  only  slightly  diflKrrea 
irom  one  anotlior ;  while  wo  may  rationally  look  for 
able  contrasts  between  thegroupsof  forma  fossilieed  in  adji 
strata,  where  there  is  evidence  of  a  great  blank  in  Uie 

The  pcnnancut  disappearances  of  speciea,  of  gcnem,  and 
orders,  which  wo  saw  to  bo  a  fact  tolerably- well  oetobliabedt 
also  a  fact  for  whi(;h  the  belief  in  evolution  prcparw  i 
If  lat«r  organic  forms  have  in  all  coses  doBcooded  froa 
earlier  organic  forms,  and  have  diverged  during  their  dfuoeni 
both  from  their  prototypes  and  from  ono  nuolher ;  thou  i 
obvioualy  follows,  that  such  of  Ibem  as  become  extinct  at  an] 
epoch,  will  never  ro-appcar  at  a  subswinent  epoch  ;  siira 
there  Ciiii  never  again  arise  a  concurrence  and  succoesioa  o 
conditions,  iuch  as  those  under  which  each  particular  ^rp 

Though  comjiorisons  of  ancient  and  modem  organic 
prove    that  many  types  have  persisted   through 
jjt'riods  of  time,  without  undergoing  great  changes;  it 
•hown  that  such  comparisons  do  not  disprove  the 
rencc  in  organic  forma,  of  changes  great  enough  to  prodi 
what  are  called  different  typc^.     The  result  of  inductjv* 
quir}-  wp  Bttw  to  bo,  that  while  a  few  modem  higher  ty] 
yield  signs  nf  having  been  divelopod  from   ancient  l<n 
types ;  and  while  there  aro  many  modem  tjl>c8  which  n 
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have  been  thus  developed,  though  we  are  without  e\  idence  that  J 
they  have  boon  so ;  yet  that  "  any  admiasible  hypothesis  oE^ 
modification  must  be  compatible  M^th  persistence  f 
without  progression  through  indefinite  periods."    Now  these  % 
results  are  quite  congruous  with  the  hypothesis  of  evolution. 
As  rationally  interpreted,  evolution  must  in   all  cases  bo   I 
understood  to  result,  directly  or  indirectly,  from  the  incidence 
of  forces.     If  there  are  no  changes  of  conditions,  entailing 
organic  changes,  organio  changes  are  not  to  be  expected. 
Only  in  organisms  which  fall  under  conditions,  in  conformily 
to  which  there  arise  additional  modifications  answering  to   i 
additional  needs,  will  there  bo  that  increased  heterogeneity  J 
which  characterizes  higher  forma.     Hence,  though  the  facta  -j 
«t(  paiaioutology  cannot  be  held  to  prove  evolution,  yet  tbey  f 
aro  in  harmony  with  it ;    and  some  few  of  them  yield  it  1 
support. 

§  141.  One  general  tnith  respecting  distribution  in  Time,^ 
is,  however,  profoundly  significant.  If,  instead  of  contem- 
plating the  relations  among  past  forms  of  life  tiiken  by  them- 
selves, we  contemplate  the  relations  between  them  and  ihs 
forms  now  existing;  we  find  a  connexion  which  is  in  perfect  J 
harmony  with  the  belief  in  evolution,  but  quite  irreconcit 
able  with  any  other  belief. 

Note,  first,  how  fall  of  meaning  is  the  close  kiuahip  t 
exists  between  the  aggregate  of  organisms  now  livi 
and  the  aggregate  of  organisms  which  lived  in  the  a 
recent  geologic  times.  In  the  last-formed  strata,  nearly  a 
the  imbedded  remains  are  those  of  species  which  still  floi 
Strata  n  little  older,  contain  a  few  fossils  of  species  nov 
tinct ;  though,  usually,  species  greatly  resembling  extant  once 
Of  the  remains  foiuid  in  strata  of  still  earlier  date,  the  i 
tinct  species  foiia  a  larger  per  centago ;  and  the  diflercncos  b 
twoen  them  and  the  allied  species  now  living,  are  more  markoi 
That  is  to  say,  the  gradual  change  of  organio  types  in  T 
.  which  wo  before  saw  is  indicated  by  the  geological  record,  i 
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equally  indii^ted  t>y  the  relaiioa  between  exLiling 
tyjms  and  orgtmiv  types  of  tlie  epoch  pTOColing  our 
Tha  evidence  completely  accords  mlh  the  belief  iu 
of  prcaent  life  from  pa^^t  life.  Doubtless  aocl) 

kinship  is  not  iucongruouii  with  the  doctrino  of  special  sn 
tions.  It  miiy  be  argued  that  the  introduction,  Irotn  tine 
time,  of  new  species  better  fitted  to  the  Bom^what  cbmgi 
coiiditioua  of  the  £;irth'g  surjace,  would  result  iu 
alliance  bet^reen  our  liring  Flora  and  Fauna,  nod  tlw  Fkfi 
and  Faunas  that  lately  lived.  No  one  can  deny  it.  But 
passing  from  tho  most  general  aspect  of  the  alliuicCt  to  il 
more  special  aspects,  we  shall  find  this  interpretation  oqe 
pletely  negatired. 

For  besides  a  close  kinship  between  tho  nggrcgmto  of  an 
Tiving  forms  and  the  aggregate  of  forms  thut  have  diod  o 
in  recent  geologic  times ;  there  is  a  pi'ciiliar  conDexioii 
like  nature  between  present  and  post  ibmu  in  eacli  gn 
geographical  region.  Tho  instructive  fact  before  cited  fro 
Mr  Darwin,  is  the  "  wonderful  relationship  in  the  aama  ooi 
tinout  between  tho  dead  and  the  living."  This  relationdt 
is  not  explained  by  the  supposition  that  now  species  he 
been  at  intervals  supcmaturally  placed  in  each  habitat,  m  ti 
habitat  became  moditied ;  since,  as  we  saw,  speoicfl  are  by  i 
means  unifoi-mly  found  in  the  htkbitats  to  which  tiey  are  be 
adupiMl.  It  cannot  be  siiid  that  tho  marsupials  imbedded 
reuent  Auatmlian  strata,  having  become  extinct  becaiue 
unfitness  to  some  new  external  condition,  the  existing  ma 
supiala  were  then  specially  created  to  fit  Ihe  modified  o 
vironment ;  since  sundry  animals  found  claewhcrc,  a 
to  much  more  completely  in  harmony  with  these  IM 
Australian  conditions,  that,  when  token  to  Austrvlia,  tfai 
rapidly  extrude  tho  mnrsupinls.  While,  therefore,  the  sini 
larity  between  tho  existing  Auatniliiin  Fauna  and  tho  Faw 
which  immediately  preceded  it  over  (ho  same  area,  ts  jn 
that  which  the  belief  in  evolution  leads  us  to  expect ; 
is   a  similarity  which  c&nnot   be  otherwise  accountod   fi 
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And  80  is  it  with  parallel  relations  in  New  Zealand,  in  South 
America^  and  in  Europe. 

§  142.  Given,  then,  that  pressure  which  species  exercise 
on  one  another,  in  consequence  of  the  universal  overfilling  of 
their  respective  habitats — given  the  resulting  tendency  to 
thrust  themselves  into  one  another's  areas,  and  media,  and 
modes  of  life,  along  such  lines  of  least  resistance  as  from 
time  to  time  are  found — given  besides  the  changes  in  modes 
of  life,  hence  arising,  those  other  changes  which  physical 
alterations  of  habitats  necessitate — given  the  structural 
modifications  directly  or  indirectly  produced  in  organisms 
by  modified  conditions ;  and  the  facts  of  distribution  in 
Space  and  Time  are  accounted  for.  That  divergence  and  re- 
divergence  of  organic  forms,  which  we  saw  to  be  shadowed 
forth  by  the  truths  of  classification  and  the  truths  of  embry- 
ology, we  see  to  be  also  shadowed  forth  by  the  truths  of 
distribution.  If  that  aptitude  to  multiply,  to  spread,  to 
separate,  and  to  differentiate,  which  the  human  races  have  in 
all  times  shown,  be  a  tendency  common  to  races  in  general, 
as  we  have  ample  reason  to  assume ;  then  there  will  result 
that  kind  of  relation  among  the  species,  and  genera,  and 
orders,  peopling  the  Earth's  surface,  which  we  find  exists. 
Those  remarkable  identities  of  type  discovered  between  or- 
ganisms inhabiting  one  mediimi,  and  strangely-modified  or- 
ganisms inhabiting  another  medium,  are  at  the  same  time 
rendered  comprehensible.  And  the  appearances  and  disap- 
pearances of  species  which  the  geological  record  shows  us,  as 
well  as  the  connexions  between  successive  groups  of  species 
from  early  eras  down  to  our  own,  cease  to  be  inexplicable. 
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CHAPTER  Vm. 


BOW  IS  OBGANIC  EVOLUnON  CAUSED? 

S  143.  Alrbaot  it  has  been  luvcsaaiy  to  speak  of  tl 
causes  of  organic  evolution  in  general  tenna ;  and  now  i 
are  prqwred  for  considering  Uiem  speciGciilly.  Th«  tia 
before  us  is  to  deduce  the  lending  tatxia  nf  organic  ovolatiofl 
from  those  same  first  principlus  which  evolution  st  Isrg 
conforms  to. 

Before  attempting  this,  however,  it  will  be  inslructiva 
glance  at  the  causes  of  organic  evolution  that  have  ba 
(com  titno  to  time  alleged. 

jS  144.  The  theory  that  plants  and  unimols  of  bII  Ida 
were  gradually  evolved,  Beonia  tu  linvo  been  at  first  acooi 
ponied  only  by  the  vngueat  concvption  of  eausp— or  ratbei 
by  no  conucptiun  of  cause  properly  ao  culled,  but  only  by  1 
blank  form  of  a  conception.  One  of  the  curliest  who 
modem  timcfl  (17^5)  contended  that  organisms 
nitt-ly  modifiable,  and  that  through  their  roodificadoiu  Ibcti 
Iinve  become  adspted  to  vnriouR  modes  of  existenco,  ^ 
De  Maillet.  Cut  though  I)c  Muillet  supposed  uU  livi 
beings  to  have  uriw.'n  by  a  uutuml,  coulinuuus  prooati, 
doca  not  apponr  to  have  had  any  definite  idea  of  that  whkil 
det(^rminMi  this  proem.  In  17M,  in  his  Zxmcmia 

Xir  Darwin  gavv  muons  (soDdiy  of  theut  xaUd    odm) 
bdioviiig  that  OTTpioised  bcingi  of  every  Idad,  h»TB 
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■cendod  from  one,  or  a  few,  primordial  germs ;  and  along 
with  eome  observable  causes  of  modification,  wbich  he  points 
out  aa  aiding  tho  developmental  process,  ho  apparently 
aacribos  it,  in  part,  to  a  tendency  given  to  such  genn  or 
germs  when  created.  He  suggeata  the  possibility  "that  jU 
wann-bloodcd  animals  have  arisen  from  one  living  filum-3nt, 
whiiib  The  Great  First  Cause  endued  with  onimality,  with 
the  power  of  acquiring  new  parts,  attended  with  now  pro- 
peuaities,  directed  by  irritations,  sensations,  volitions,  and 
associations ;  and  thus  possessing  the  faculty  of  continuing 
to  improve  by  its  own  inherent  actirity."  In  this  passage  . 
we  see  the  idea  to  be,  that  evolution  is  pre-detcnnined  ■ 
by  some  intrinsic  proclivity.  "  It  ia  curious,"  snys 

Mr  Charies  Darwin,  "  how  largely  my  grandfather,  Dr 
Erasmus  Darwin,  anticipated  the  erroneous  grounds  of 
opinion,  and  tho  views  of  Lamarck."  One  of  the  anticipa- 
tions was  this  ascription  of  development  to  some  inherent 
tendency.  To  the  "  plan  g^ni5ral  de  la  nature,  et  sa  marche 
nnifonne  dans  bos  opi^rations,"  Lamarck  attributea  "la 
progression  ^vidcnte  qui  existe  dans  la  composition  de 
I'organisation  des  animaux ; "  and  "  la  grathi/i-m  r^guliere 
qu'ils  devroient  ofiVir  dans  la  composition  do  leur  organ- 
isation," he  thinks  is  rendered  irregular  by  secondary 
cauaes.  Kssentially  the  same  in  kind,  though  some- 

what different  in  form,  was  the  conception  put  forth  in  the 
Vestiges  of  Creation  ;  the  author  of  which  contends  "  that 
the  several  scries  of  animated  beings,  from  the  simplest  and 
oldest  up  to  the  highest  and  most  recent,  are,  under  the  pro- 
vidence of  God,  the  results,  Jirsl,  of  an  impulse  which  has 
been  imparted  to  the  forms  of  life,  advancing  them,  in  defi- 
nite times,  by  generation,  through  grades  of  orgnniKation  J 
terminating  in  the  highest  dicotyledons  and  vortebrata ; '' 
and  that  tho  progression  resulting  from  these  impidses,  isl 
modified  by  certain  other  causes.     Tho  broad  general  cou-F 
trasta  between  lower  and  higher  forms  of  Jifo,  are  n'ganloAfl 
by  him  as  duo  to  an  innate  aptitude  to  give  birth  to  fom 
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of  more  porfoct  Btructures.  The  Inst  to  ] 

omte  this  doctrino  has  been  Prof.  Owva ;  who  i 
axiom  of  tho  continuous  operation  of  creative  poymr,  W 
the  ordained  hecoming  of  living  things."  'I'bough  t 
highly-gfaoral  eiprcsaiona  do  not  Biigge«t  imy  very  dcfini 
idea,  yet  thoy  imply  the  belief  that  organic  progren  i 
result  of  SDino  iii-dwclling  tendency  to  develop,  supcnutu 
ally  improaaed  oa  living  mutter  at  the  outset— flome  en 
atiting  constmctive  force,  which,  indepMidentljr  of  otb 
forces,  moulds  orgtmisins  into  higher  and  liiglior  fumu. 

In  whatever  way  it  is  formulated,  or  by  whatever  l&iigiiB| 
it  is  obscurwl,  this  ascription  of  orgaitio  evolution  to  i 
aptitude  nuturolly  possessed  by  organisms,  or  miraculomi 
imposed  on  them,  is  unphilosophical.  It  is  one  of  tbm 
pluuatiuns  which  exjiilQiiis  nothing — a  shaping  of  ignoran 
into  tho  semblance  of  knowledge.  The  cause  assigiicd  tfl  n 
a  true  canso— not  a  cause  assimilable  to  known  csnaos— o 
a  cause  that  can  ho  anywhere  shown  to  produce  annlogo 
effects.  It  is  a  cowse  unrepresentable  in  thought :  one  > 
those  illegitimate  sj-mbolio  conceptions  which  cannot  by  ai 
mental  process  be  chibomted  into  a  real  conception.  1 
brief,  this  assumption  of  a  persistent  formative  p«w«r,  ii 
lierent  in  organisms,  and  making  them  imfold  into  bighi 
torms,  is  an  assumption  no  more  tenable  than  tllo  i 
tion  of  special  creations:  of  which,  indeed,  it  is  but  a  mod 
fiuition ;  differing  only  by  tho  fusion  of  sepamto  i 
proccBMs  into  a  continuous  unknown  proctvs. 


§  145.     Along  with   this  intrinsic  tendency  to  | 
nuppiised  to  I>e  primordially  impntmod  on  them,  Pr  Dmrwi 
held  that  aniuialn  havo  a  capacity  for  being  modified  by  f 
censea   which   their  own  dnriros    initiate.      He  ipeBka  i 
powers  wi  "vxc'iU'd    into  action    by  the  neccasitioa  of  1 
creatures  which  poiutOMt  Uiom,  and  on  which  their  p 
dep-niU;"  and  more  ^>ccificany  bo  says  that  "Iram  t 
fimt  rudiment  or  prlinordium.  to  the  teminaluni  of  I 
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lilJTes,  all  animiils  undergo  perpetual  transfonnationfl 

B  in  part  produced  by  their  own  exertions,  in  consequence 

Bof  their  desires  and  aversions,  of  their  pleasures  and  their 

i,  or  of  irritations,  or  of  associutions ;  and  many  of  these 

acquired  forms  or  properties  are  transmitted  to  their  pee- 

terity."     While  it  embodies  a  belief  for  whirh  a  great  deal 

.  is   to   be  said,   this  passage   involvea   the   assumption  that 

■  desires  and  aversions,  existing  before  experiences  of  the  ao- 

1  tions  to  which  they  are  related,  were  the  originatora  of  the 

I'SctiouB,  and  therefore  of  the  fitractural  modiiications  caused 

why  them.  In  his  PkUosophie  Zooiogique,  Lcunarclc 

I  much  moro    specifically  asserts    "le    eentirwnt   interitmr" 

I  to  be  in  all   creatures   that   have   developed  nervous   sys- 

I  terns,  an  independent  cause  of  those  changes  of  form  which 

I  are  due  to  the  exerciae  of  organs :  distinguishing  it  from 

f  that  simple  irritability  possessed  by  inferior  animals,  which 

I  cannot  produce  what  we  call   a  desire  or  emotion ;  and 

I  holding    that    these   last,    along  with    all   "  qui  manquent 

)  eysteme  nerveux,  no  vivent  qu'4  I'aide  dea  excitations 

ija'ils  resolvent  de  I'extericur."    Afterwards  ho  says — "jo 

reconnus   que  la  nature,  obHg^e  d'abord  d'emprunter  dea 

milieux  environnans  la  jiutsmiuee  excitulnfe  des  mouvemens 

vitaux  et  dee  actions  dea  aninmnx  imparfnita,  sut,  en  com- 

posant  de  plus  en  plus  I'organiaation  animate,  transporter  cetto 

puissance  dons  rint4rieur  m^me  de  ces  ^tres,  et  qu'4  la  fin, 

I  ello  parvint  k  mettro  cette  m^mo  puissance  4  la  disposition 

\  de  I'individu."    And  still  inoro  definitely  he  contends  that 

I  if  ono  considers  "  la  progrenfion  qui  se  montre  dans  la  eom- 

I  position  de  1 'organisation,"  •  •  •  "alors  on  eClt  pu  aperee- 

I  voir  comment  lea  besoivt,  d'nbord  r^duits  &  nullit^,  et  dont 

I  le  nomhre  ensuito  s'est  accrn  graduellement,  ont  amou4  le 

I  penchant  aux  actions  propres  4  y  satisfaire ;  comment  lus 

I  actions  dovenues  hahituollcs  ct  ^nergiques,  ont  occasionn*^  le 

r  developpoment  des  organes  qui  lea  cxtScutent." 

Now  though  this  concqition  of  Lamarck  is  more  precisely 
[  Itiitcd,  and  worked  out  with  much  greater  daboration  uod 


m 
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widur  liiion'Io<lge  of  the  facts,  it  is  osseuttully  tlie  aam 
that  of  Dr  Darwin ;  and  along  n'ith  the  trutJi  it  ociittn 
contains  alao  Die  eame  error  more  distiitctly  pronoun 
Merely  noting  that  desires  or  wants,  acting  directly  c 
on  the  Dervo-mtisculur  Eastern,  can  have  no  immediate 
fiuoncc  on  very  many  organs,  as  the  viscora,  or  such  exln 
appendages  as  hair  and  feutUers;  and  ohecrving,  furtbi 
that  even  sonio  ports  which  bdong  to  the  apporaltu 
external  action,  such  as  the  bones  of  tlio  skull,  cannot 
mode  to  grow  by  increase  of  function  called  forth  by  deuro ; 
will  suffice  to  point  out  that  the  difficulty  ia  not  solred,  I 
simply  slurred-over,  when  needs  or  want«  arc  introdoced 
independent  causes  of  evolution.  True  though  it  u,  as 
Darwin  and  Lamorck  contend,  that  desints,  by  luwling 
increased  actions  of  motor  organs,  may  induce  fUrthtrr  < 
Yelopments  of  such  organs ;  and  true  as  it  probably  ia,  tl 
tbemodlEcations  hence  arising,  arc  transmissible  to  oSkprinj 
yet  there  remains  the  unanswered  quest  ion — Whence  do 
desires  originate  ?  The  transferrencc  of  tbo  oxcitiug  j 
firom  the  exterior  to  the  interior,  as  described  by 
begs  the  question.  How  comes  tJierc  n  wish  to  perform 
action  not  before  performed  ?  Until  some  beneficial  result 
been  felt  from  going  ihrough  certain  movements,  what 
suggest  the  execution  of  such  movements?  Every  de 
consists  primarily  of  a  mental  representation  of  ttiat  whit 
is  desired,  and  secondarily  excites  a  mental  represontatioa 
the  actions  by  wliich  it  is  attained;  and  nuy  wuch  mcol 
representations  of  the  end  and  the  means,  imply  antvccdo 
exporicncB  of  the  end  and  antecedent  use  of  Hie  meooa.  ' 
assume  that  in  the  course  of  evolution  thoro  [rom  time 
time  arose  new  kinds  of  actions  dictated  by  new  dceir^ 
aimply  to  remove  the  difficulty  a  step  buek. 

S  146,  Changes  of  external  conditions  are  named  by  1 
Darwin,  as  cauaea  of  modifieatioiia  in  organisms.  Aaiiigiaii 
•s  evidence  of  original  kinship,  that  marked  similariQr 
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tvpu  wlii-cli  exists  among  niiimals,  tie  regards  their  d< 
tiona  from  one  another,  as  caased  by  ditferencos  in  1 
modes  of  Hie :  such  deviations  boiiig  directly  adap 
Enumerating  various  appliances  for  procuring  food,  ho 
tliey  all  "  seom  to  have  been  gradually  produced  during  n 
generations  by  the  perpetual  endeavour  of  the  creatures  t 
supply  the  want  of  food,  and  to  have  been  delivered  to  thei 
posterity  with  constant  improvemeut  of  them  for  the  j 
poses  required,"  And  the  creatures  possessing  these  ^ 
rious  appliances,  are  considered  as  having  been  render 
unlike,  by  seeking  for  food  in  unlike  ways.  As  illustrating 
the  alterations  wrought  by  changed  circumstances,  he  names 
the  acquired  characters  of  domestic  aniiuiils.  IiO--  , 

niarck  has  elaborated  l^hc  same  view  in  detail :  using  for  t 
purpose,  with  great  ingenuity,  his  extensive  knowledge  c 
the  animal  kingdom.     From  a  passage  in  the  Ji-srd'j*. 
it  would  at  first  sight  seem,  that  he  looks  apon  direct  odapt-l 
Blion  to  new  conditions,  as  the  chief  cause  of  evolution.     H^fl 
sayis— "Je  regardai  comme  certain  quo  lo  mauvemant  dw  ' 
fiuides  dans  I'int^rieur  des  animaus,  mouvement  qui  c'eat 
progressivement  acc^l^re  avec  la  composition  plus  grande  do 
1 'organisation ;  et  que  l'i)ijl\iaice  des  cirajtusl-anceg  uouvelles, 
&  mesure  que  les  animaui:  s'y  exposSrcnt  en  so  r^pandant 
dans  tous  les  lieux  habitables,  furont  lea  deux  causes  g^n£- 
rales  qui  ont  amen6  les  ditfi^reiis  aiiiinuux  k  I'dtat  otl  nous  lea 
Yoyons  actuellement."    But  elsewhere,  the  view  he  expresses 
appears  dt'cidudly  different  JVom  this.    He  asserts  that  "duns 
sa  marche,  la  nature  a  commence,  et  recommence  encore  toua^ 
les  jours,  par  former  les  corps  organises  les  plus  simples 
and  that  "  les  premieres  ^bauchos  de  I'animal  et  du  v^g^tid 
^lant  form^es  dans  les  lieux  et  les  circonstances  conveoabloi 
les  facnlt^s  d'line  vie  common9ante  et  d'un  mouvement  c 
ganique  ^labli,  ont  n^cessairement  ddvelopp^  peu  &  peu  1 
organes,  et  qu'avec  le  temps  elles  les  ont  diversifies  ainai  q 
les  p:irties,"     And  then,  further  on,  ho  puts  in  italics  t 
propoaiticn : — "  Im  progression  dans  la  com^posUion  de  I'ot 
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yitniMiiion  mbit,  fi  H  ti,  <faiu>  la  Vno  ^erah  d 
dei  anomaiU-*  opcrJet  par  rin^untix  in  circtmMt'n 
tniion,  ti  7>nr  txlU  dtt  habitutUt  eontraeUes" 
sundry  other  pasaagt^  joined  with  his  general  >ch<no  c 
classificatiaQ,  make  it  clear  that  LnniRrck  cuuc<n%'<-<i  ncUptiv 
DiodificatioQ  lo  hv,  not  the  cause  of  pr'^rwtiioa,  bat  th 
ciinse  of  iireguUrities  in  progrGHsioD.  The  inherent  t 
cncy  which  orgaDJams  have,  to  develop  lolo  more  pcrfeo 
fonns,  TfouJd,  according  to  him,  result  iu  a  uniform  Kuiea  i 
forme ;  but  varietiGs  in  their  conditions  work  divergence  v 
structure,  which  break  up  the  eoriea  into  gmujis :  Krutp 
which  he  noverthelcas  places  in  uni>8oruil  order,  aud  rcgaud 
an  still  substantially  composing  im  asucudin^  si 


g  147.  Tlicse  speculations,  crudo  M  they  nuiy  be  etmsidero^ 
show  mnch  sagatity  in  their  reepeclivo  aulhon,  and  hn^ 
done  good  scrvico.  Without  embodying  the  truth  in  ft  do 
tiiiite  shape,  they  contain  aduiubmtiuiis  of  it.  Not  dinctly 
bitt  by  succossivo  opproximationa,  do  mankind  reach 
conclusions ;  and  those  who  first  think  in  the  right  direcUgn 
loose  as  may  bo  tlieir  ruiisonings,  and  n*ide  of  the  msric 
their  iuforencca  may  be,  yield  indi^jtcnwhlo  aid  by  frwaa 
provisional  conceptions,  and  giving  a  bent  lo  iuqitiry. 

(Contrasted  with  lliu  dogmas  of  bia  age,  the  idea  of  Di 
MaiJIct  was  a  great  advance.  Before  it  can  bo  mccrtatDM 
how  organiitcd  buings  have  been  gradually  evolved,  tbi 
must  be  reached  the  conviction  that  they  have  b 
ally  evolved;  and  this  convitf.ion  ho  reached.  JIu  i 
notions  as  to  the  way  in  which  natural  agoucieM  aded  ia 
production  of  plants  and  animals,  must  not  make 
the  merit  of  hia  intuition  that  aiiimnls  and  plants  lonns  pro 
dueecl  by  natural  causes.  In  Dr  Darwin's  brief  «x 

pcwition,  the  belief  in  a  progrwwive  gvni^s  of  orf;atjisiiw, 
|oin<wl  with  an  interpretation  having  ponsidemblo  defittita 
n«M  ami  rolierenco.  In  thu  space  of  (on  pa;^  he  Dot  atii^ 
indicates  scivnl  of  the  leading  clasMH  of  &cta  which 
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the  hypothesis  of  eyolution,  but  he  does  something  towards 
elucidating  the  process  of  evolution.  His  reasonings  show 
us  an  unconscious  mingling  of  the  belief  in  a  supematurally- 
impressed  tendency  to  develop,  with  the  belief  in  a  develop- 
ment arising  from  the  changing  incidence  of  conditions. 
Probably  had  he  pursued  the  inquiry  further,  this  last  belief 
would  have  grown  at  the  expense  of  the  first.  La- 

marck, in  elaborating  this  general  conception,  has  given 
greater  precision  to  both  its  truth  and  its  error.  Asserting 
the  same  imaginary  factors  and  the  same  real  factors,  he  has 
traced  out  their  supposed  actions  in  detail ;  and  has,  in  con- 
sequence, committed  liimself  to  a  greater  number  of  un- 
tenable positions^  But  while,  in  trying  to  reconcile  the 
facts  with  a  theory  which  is  only  an  adumbration  of  the 
truth,  he  laid  himself  open  to  the  criticisms  of  his  con- 
temporaries ;  he  proved  himself  profoimder  than  his  con- 
temporaries, by  seeing  that  evolution,  however  caused,  has 
been  going  on.  If  they  were  wise  in  not  indorsing  a  theory 
which  fails  to  account  for  a  great  part  of  the  facts ;  they 
were  unwise  in  ignoring  that  degree  of  congruity  with  the 
facts,  which  shows  the  theory  to  contain  some  fundamental 
verity. 

Leaving  out,  however,  the  imaginary  factors  of  evolution 
which  these  speculations  allege,  and  looking  only  at  the  one 
actual  factor  which  Dr  Darwin  and  Lamarck  assign  as 
accounting  for  some  of  the  phenomena ;  it  is  manifest  &om 
our  present  stand-point,  that  this,  so  far  as  it  is  a  cause  of 
evolution,  is  a  proximate  cause  and  not  an  ultimate  cause. 
To  say  that  functional  adaptation  to  conditions,  produces 
either  evolution  in  general,  or  the  irregularities  of  evolution, 
IS  to  raise  the  further  question — ^why  is  there  a  functional 
adaptation  to  conditions  ? — why  do  use  and  disuse  generate 
appropriate  changes  of  structure  ?  Neither  this  nor  any  other 
interpretation  of  biologic  evolution  which  rests  simply  on  the 
basis  of  biologic  induction,  is  an  ultimate  interpretation.  The 
biologic  induction  must  itself  be  interpreted.      Only  wheu 
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the  process  of  evolution  ot  organismsy  is  afRlmtod  on  the 
process  of  erolution  in  general,  can  it  be  truly  said  to  be 
explained.  The  thing  required  is  to  show  that  its  variotiia 
results  are  corollaries  from  first  principles.  We  hftre  to 
reconcile  the  hats  with  the  universal  laws  of  the  re-diatribu- 
tion  of  matter  and  motioii. 


CHAPTER  IX. 


EXTERNAL  FACTORS. 


§  148.  TThen  illustrating  the  rhythm  of  motion  (FirH 
Principles^  §  94)  it  was  pointed  out  that  besides  the  daily 
and  annual  alternations  in  the  quantities  of  light  and  heat 
which  any  portion  of  the  Earth's  surface  receives  &om  the 
Sun,  there  are  alternations  which  require  immensely-greater 
periods  to  complete.  Reference  was  made  to  the  fact,  that 
"  every  planet,  during  a  certain  long  period,  presents  more  of 
its  northern  than  of  its  southern  hemisphere  to  the  Sun  at  the 
time  of  its  nearest  approach  to  him ;  and  then  again,  during 
a  like  period,  presents  more  of  its  southern  hemisphere  than 
of  its  northern — a  recurring  co-incidence  which,  though 
causing  in  some  planets  no  sensible  alterations  of  climate,  in- 
volves in  the  case  of  the  Earth  an  epoch  of  21,000  years, 
during  which  each  hemisphere  goes  through  a  cycle  of  tem- 
perate seasons,  and  seasons  that  are  extreme  in  their  heat 
and  cold."  Further,  it  was  pomted  out  that  there  is  a  varia- 
tion of  this  variation.  The  slow  rhythm  of  temperate  and  in- 
temperate climates/ which  takes  21,000  years  to  complete, 
itself  undergoes  exaggeration  and  mitigation,  during  epochs 
that  are  far  longer.  The  Earth's  orbit  slowly  alters  in 
form:  now  approximating  to  a  circle;  and  now  becoming 
more  eccentric.  During  the  period  at  which  the  Earth's 
orbit  has  least  eccentricity,  the  temperate  and  intemperate 
climates  which  repeat   their  cycle    in    21.000  years,   are 
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severally  less  temperate  and  less  intempcnito,   than  ^ 
§oino  ono  or  two  millions  of  years  Inter,  the  Earth's  orbit  Ii 
reached  its  extreme  of  eccontricity. 

Thus,  besides  tlioseditily  variations  in  the  quiuitiltm  of  ligli 
and  heat  received  by  organisms,  and  nwpondpcl  to  by  t 
tious  in  their  fuiictiuns ;  and  besides  the  annual  vuriatjutu  ii 
the  qiiontities  of  light  iind  heat  wUIuh  orj;niiiKais  reot-in^ 
Olid  similarly  respond  to  by  vuriations  in  their  funvtiuiu 
there  are  vuriations  that  sovemUy  conipleto  theiuaelrci  i 
21,000  years  and  in  some  millions  of  ywirs — rariatunu  I 
whieh  there  must  also  be  a  response  in  the  cbnngocl  fiuictioai 
of  organisms.  The  whole  ve<retnl  mid  nnimitl  kingdoms^ 
are  subject  to  a  quadruply-com pounded  rliythni  in  Ibe  i 
cidence  of  the  forces  on  which  lifo  pritoorily  depenils— 4 
rhythm  so  involved  in  it^  slow  working  round,  that 
no  time  during  one  of  thcso  vast  epochs,  can  the  id- 
cidencQ  of  these  forces  be  exactly  the  same  as  al  any  othn 
time.  To  the  direct  ettecl^  bo  produced  on  orgaif 

isms,  havo  to  be  added  much  more  important  inilirrct  i!£wtB 
Changes  of  distribution  must  result.  Certain  redLttrilKilioi 
ore  occasiont^  even  by  the  annual  voriationa  in  tlio  qiuuililin 
of  tlio  solar  rays  reoeived  by  each  part  of  thu  Kartli's  e 
The  migrations  of  birds  thus  caused,  are  familiar.  So  I 
art)  tbo  migmtions  of  certain  fishes :  in  somo  ciiscs  fnin  c 
part  of  the  sea  to  another ;  and  in  some  coses  from  salt  n 
to  fresh  wntiT.  Now  just  as  the  yearly  changcii  in  iho  onuranb 
of  light  and  hmt  fulling  on  each  locality,  reorly  « 
and  restrict  the  hubitat«  of  many  organisms  that  are  able  I 
move  about  with  some  rapidity ;  so  must  thmo  alternatintu 
of  lL-ui|Kirate  and  inteiupenttu  climates  produce  i 
and  restrictions  of  Iinbit4)t«.  Those  extensions  and  1 
lioiu^  though  hL)W,  will  bo  unlvuranl — will  afflvt  tho  habttali 
of  stntioaary  organisms  as  well  as  those  of  locomotive  oda 
For  if  during  an  astrontmiic  em,  there  is  goiii^  on  al  Mi 
limit  to  a  plant's  habitat,  a  diminution  of  the  wint«r'a  ool 
or  summer's  h^nit,  which  hod  bt-furo  stopprd  its  i^rand  1 
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that  limit;  then,  though  the  individual  plants  are  fixed, 
jet  the  species  will  move  :  the  seeds  of  plants  living  at  the 
limit,  wiU  produce  individuals  that  survive  beyond  the  limit. 
The  gradual  spread  so  effected,  having  gone  on  for  some  ten 
thousand  years,  the  opposite  change  of  climato  will  begin  to 
cause  retreat :  the  tide  of  each  species  will  during  the  one 
half  of  a  long  epoch,  slowly  flow  into  new  regions,  and 
tlien  will  slowly  ebb  away  &om  them.  Further,  this  rise 
and  fall  in  the  tide  of  each  species,  will,  during  fiir  longer 
intervals,  undergo  increasing  rises  and  falls  and  then  de- 
creasing rises  and  falls.  There  will  be  an  alternation  of 
spring  tides  and  neap  tides,  answering  in  its  period  to  the 
changing  eccentricity  of  the  Earth's  orbit. 

These  astronomical  rhythms,  therefore,  entail  on  organisms 
unceasing  changes  in  the  incidence  of  forces  in  two  ways. 
They  directly  subject  them  to  variations  of  solar  influences, 
in  such  a  manner  that  each  generation  is  somewhat  differently 
affected  in  its  functions;  and  they  indirectly  bring  about 
complicated  alterations  in  the  environing  agencies,  by  carry- 
ing each  species  into  the  presence  of  new  physical  conditions. 

§  149.  The  power  of  geological  actions  to  modify  every- 
where the  circumstances  in  which  plants  and  animals  are 
placed,  is  conspicuous.  In  each  locality,  denudation  slowly 
uncovers  different  deposits ;  and  slowly  changes  the  exposed 
areas  of  deposits  already  uncovered.  Simidtaneously,  the 
alluvial  beds  that  are  being  formed,  are  qualitatively  affected 
by  these  progressive  changes  in  the  natures  and  proportions  of 
the  strata  denuded.  The  inclinations  of  surfaces  and  their 
directions  with  respect  to  the  Sim,  are  at  the  same  time 
altered ;  and  the  organisms  existing  on  them  are  thus  having 
th(;ir  thermal  conditions  continiially  altered,  as  well  as  their 
drainage.  Igneous  action,  too,  complicates  these  gradual 
modifications.  A  flat  region  cannot  be  step  by  step  thrust 
up  into  a  protuberance,  without  unlike  climatic  changen 
being  produced  in  its  several  parts  by  their  exposures  to  dif« 
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fcrent  Bspects,  Extrusiona  of  trap,  whercTor  thcj  I 
place,  ruvoiutiunko  Ibo  localities ;  botli  over  the  iimui  con 
and  over  the  areas  on  wktch  their  detritus  is  I 
wliere  volcanoes  are  formed,  the  ashoa  they  o< 
out,  modify  the  character  of  the  soil  throughout  j 
rouiidiagf  tracts. 

In  like  manner  alterations  in  the  Earth's  cru^.  causo'^ 
Ocean  to  be  ever  subjecting  the  organisms  it  contains  to  a 
combinationa  of  conditions.     Here  the  water  is  boing  <Ia| 
ened  by  subsidence,  apd  there  shallowed  by  upheaval, 
the  falling  upon  it  of  sediment  brought  down  by  neighb) 
ing  hirge  rivers,  is  raising  the  soa-bottoiu  in  one  place;  J 
another,  the  habitool  rush  of  the  tide  is  canying  away  f 
sediment  previously  deposited.     The  mineral  chnmctc 
the  Bubroergcd  surlace  on  which  sea-weeds  grow  and  moUi 
crawl,   is  everywhere  occasionally   changed:    now  by  1 
bringing  away  from  an  adjacent  shore  some  previously  i 
touched  strata;  and  now  by  the  aecnmultition  of  c 
remains,  such  as  the  shells  of  pteropods  or  of  forontiniflj 
A  further  scries  of  alterations  in  the  ci re um stances  of  n 
organisms,  is  entailed  by  changes  in  the  movemuuts  of  i 
water.     Each  modification  in  the  outlines  of  noighfc 
shores,  makes    the  tidal    streama    vary    their  din>vtioDsJ 
velocities,  or  both.     And  the  local  temperature  i^  fVom  I 
to  time  raised  or  lowered,  because  some  far-diKlnnt  i 
rangcmnit  of  the  Earth's  crust,  has  wrought  a  diver^cnol 
those  circulating  currents  of  warm  and  cold  water  ' 
pervade  (he  ocean. 

These  geologically-caused  changes  in  the  physical  clu 
trrs  of  each  environment,  occur  in  ever-new  combinationa,  ■ 
with  evei^incrcasing  complexity.  As  nlnxidy  shown  (W 
Pritiei'pU't,  §118),  it  follows  from  the  law  of  the  multipliea 
of  effects,  that  during  long  periods,  mch  tract  of  the  EnH 
■urftieo  increases  in  heterogeneity  of  both  form  and  subi 
Ilcnce  plants  and  animals  of  all  kinds,  are,  in  the  cotirg 
goncralions,  subject  by  these  alterations  in  the  crust  of  1 
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Earth,  to  sets  of  incident  forces  which  differ  from  previouB 
sets,  both  by  changes  in  the  proportions  of  the  factors,  and, 
occasionally,  by  the  addition  of  new  feu^tors. 

§  150.  Variations  in  the  astronomical  conditions  joined 
with  variations  in  the  geological  conditions,  bring  about 
variations  in  the  meteorological  conditions.  Those  extremely 
slow  alternations  of  elevation  and  subsidence,  which  there  is 
reason  to  believe  take  place  over  immense  areas,  here  pro- 
ducing a  continent  where  once  there  was  a  fathomless  ocean, 
and  there  causing  wide  seas  to  spread  where  in  a  long  past 
epoch  there  stood  snow-capped  mountains,  gradually  work 
great  atmospheric  changes.  While  yet  the  highest  parts  of 
an  emerging  surface  of  the  Earth's  crust,  exist  as  a  cluster  of 
islands,  the  plants  and  animals  which  in  course  of  time  migrate 
to  them,  have  climates  that  are  peculiar  to  small  tracts  of 
land  surrounded  by  large  tracts  of  water.  As,  by  successive 
upheavals,  greater  areas  are  exposed,  there  begin  to  arise 
sensible  contrasts  between  the  states  of  their  peripheral  parts 
and  their  central  parts:  the  sea  and  land  breezes,  which 
daily  moderate  the  extremes  of  temperature  near  the  shores, 
cease  to  affect  the  interiors ;  and  the  interiors,  less  qualified 
too  in  their  heat  and  cold  by  such  ocean-currents  as  bathe 
the  shores,  acquire  more  decidedly  the  characters  due  to 
their  latitudes.  Along  with  the  further  elevations  which 
unite  the  members  of  the  archipelago  into  a  continent,  there 
come  new  meteorologic  changes,  as  well  as  exacerbations  of 
the  old.  The  winds,  which  were  comparatively  uniform  in 
their  directions  and  periods  when  only  islands  existed,  grow 
involved  in  their  distribution,  and  widely-different  in  dif- 
ferent parts  of  the  continent.  The  quantities  of  rain  which 
they  discharge  and  of  moisture  which  they  absorb,  varj' 
everywhere  according  to  the  proximity  to  the  sea  and  to 
surfaces  of  land  having  special  characters. 

Other  complications  result  from  variations  of  height  above 
the  sea :  elevation  producing  a  decrease  of  heat  and  conse- 


tlB  THE   KVOLtlTION    DF   LITE. 

quently  an  increase  in  the  precipitation  of  water — a  p 
ution  tliut  takes  the  shape  of  snow  where  the  tie' 
TGiy  grcatj  and  of  rain  whero  it  is  not  so  groat.  Tho  f 
ing  of  bloutL)  and  descent  of  showiTS  nround  mountain  t 
are  familiur  to  ereiy  toiirifit.  Inquiries  in  the  noighbaui 
v(iUoj-8,  prove  that  within  dislancca  of  a  milo  or  i 
rccumn|^  storms  diiicr  in  thvir  froquoncy  ami 
Nay,  even  a  few  yards  oft",  tho  ineteorologic  conditions  vary  io 
Buch  rcpions :  as  witness  the  way  in  whicli  tlio  oondcnnng 
Tupour  keeps  eddying  round  on  one  aide  of  some  hij^h  cn^ 
while  tho  other  side  is  clear ;  or  tho  way  in  which  the  nui*- 
line  runs  irregularly  to  many  dilloront  heights,  in  uU  tho  nuDcr 
Tullvys  and  ra\'inea  and  hollows  uf  each  mountain  oido. 

Climatic  vuriations  that  are  thus  geologically  prvdoool, 
being  compounded  nith  those  which  result  from  the  i 
astronomical  changes;  and  no  correspondenco  ( 
twcen  the  geologic  and  the  astronomic  rhythms; 
that  the  eamo  plexus  of  actions  never  nvun*.     Heoeafl 
incident  forcM  to  which  the  organisms  of  everj-  kioali^ 
exposed  by  atmoepheric  agencies,  arc  ever  pasaing  into  I 
pantUeli^id  combinations ;  and  these  nm  on  tho  avoFag9  i 
becoming  moro  complex. 

<|  151.    Besides  changes  in    tho    incidence  of  inoTf 
forces,  there  arc  equally  continuous,  and  ettU  more  invo) 
changes  in  tho  incidence  of  forces  which  orgHtiisms  cxei 
on  one  another.     As  before  pointed  out  (§  lOS),  the  ] 
ond  animals  inhabiting  each  locality,  aro  held  togethcs 
entangled  a  web  of  relations,  that  any  cuiisTdcruble  n 
tion  wliich  one  Bpecios  undergoes,  acts  indirectly  o 
other  Bpocies;  and  eventually  changes,  in  some  (l^roi\1 
circumstances  of  nearly  all  Uie  rest.     If  an  increase  of  I 
0*  modification  of  soil,  or  decrease  of  humidily,  i 
ticuW  kind  of  plant  either  to  tlirivc  or  to  dwiDdlafl 
anf«v»urable  or  favourable)  eir«;t  ts  wrought  on  all  | 
competing  kinds  of  plant?,  aa  are  not  immediulely  infltugfl 
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in  tLe  same  way.  The  animals  which  eat  the  seeds  or  browse 
on  the  leaves  either  of  the  plant  primarily  affected  or  those  of 
its  competitors,  are  severally  altered  in  their  states  of  nutii- 
lion  and  in  their  nmnbers ;  and  this  change  presently  tells 
on  various  predatory  animals  and  parasites.  And  since  each 
qf  these  secondary  and  tertiary  changes,  becomes  itself  a 
centre  of  others;  the  increase  or  decrease  of  each  species, 
produces  waves  of  influence  which  spread  and  reverberate 
and  re-reverberate,  throughout  the  whole  Flora  and  Fauna 
of  the  locality. 

More  marked  and  multiplied  still,  are  the  idtimate  effects 
of  those  causes  which  make  possible  the  colonization  of  neigh- 
bouring areas.  Each  intruding  plant  or  animal,  besides  the 
new  inorganic  conditions  to  which  it  is  subject,  is  subject  to 
organic  conditions  considerably  different  firem  those  to  which 
it  has  been  habituated.  It  has  to  compete  with  some  organ- 
isms unlike  those  of  its  preceding  habitat.  It  must  preserve 
itself  from  enemies  not  before  encountered.  Or  it  may  meet 
with  a  species  over  which  it  has  some  advantage  greater 
than  any  that  it  had  over  the  species  it  was  previously  in 
contact  with.  Even  where  migration  does  not  bring  it  face 
to  face  with  new  competitors  or  new  enemies  or  now  prey, 
it  inevitably  experiences  new  proportions  among  these. 
Further,  an  expanding  species  is  almost  certain  to  invade 
more  than  one  adjacent  region.  Spreading  north  or  south,  it 
wiU  come  among  the  plants  and  animals,  here  of  a  level 
district  and  there  of  a  luUy  one— here  of  an  inland  tract, 
and  there  of  a  tract  bordered  by  the  sea.  And  while  differ- 
ent groups  of  its  members  will  thus  expose  themselves  to 
the  actions  and  re-actions  of  different  Floras  and  Faimas, 
these  different  Floras  and  Faunas  will  simultaneously  have 
their  organic  conditions  changed  by  the  intruders. 

Tliis  process  becomes  gradually  more  active  and  more 
complicated.  Though  in  particidar  cases,  a  plant  or  animal 
may  fall  into  simpler  relations  with  the  living  things  around, 
than  those  it  was  before  placed  in ;  yet  it  is  manifest  thati 
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on  the  average,  the  organic  environments  of  organisms  han 
been  increasing  iu  heterogeneity.  2\b  the  number  of  Epociei 
wilJi  which  each  species  is  directly  or  indirectly  implicated, 
multiplies,  each  Bpecies  is  oftcncr  eobjcet  to  chungcs  in  tlie 
organic  actions  which  influence  it.  lliom  moro  firoquont 
chnngcs  severally  grow  moro  involved.  And  the  corr^ 
sponding  reactions  affect  lor^r  Floras  and  FauDM*,  in  wnya 
tucreosingly  complex  and  varied. 

g  152.  Wlien  tbo  astronomio,  geologic,  moteorologic,  imd 
organic  agencies  that  are  at  work  on  each  species  of  orgwi* 
iimi,  nre  contemplated  as  becoming  severally  more  compli- 
onted  in  themselves,  and  at  the  some  time  as  co-operating  in 
ways  that  aro  always  more  or  less  new ;  it  will  be  even  thst 
throughout  all  time,  thcro  has  been  an  exposure  of  orf 
to  endless  Huccessions  of  modifying  causes  which  gradi 
acquire  an  intricacy  that  is  scarcely  conceivable.  E^ 
kind  of  plant  and  animal  may  be  regarded  m  for  e%-cr 
ing  into  a  new  environment — as  perpetually  having  its 
relations  to  extc-mol  circumstances  olterod,  either  by  their 
changes  with  respect  to  it  when  it  remains  statiuouy,  or  by 
its  changes  with  respect  to  them  when  it  migmtce,  or  by 
both. 

Yet  a  ftirther  cause  of  progressive  alteration  and  compli- 
cation in  tbo  incident  forces,  exists.  All  other  things  con- 
tinuing tho  same,  orcry  additional  faculty  by  which  on 
orgunibm  is  brought  into  relation  with  external  objects,  as 
well  as  every  improvement  in  such  faculty,  lH<comoa  a  means 
of  subjecting  the  organism  to  a  greater  numbcT  and  viuiuty 
of  cxt4,^mal  stimuli,  ami  to  now  cornbinatious  of  external 
Btimtdi.  So  that  each  advance  in  complexity  of  organization, 
itself  bocomce  an  added  source  of  complexity  in  the  incidcoco 
of  externa]  forcoe, 

Onco  more,  tsvtry  tncreoao  in  tlie  locomotive  powers  of 
animals,  iucre:isea  both  tbo  multiplicity  and  the  mullifortni* 
of  the  actions  of  things  upon  them,  and  of  their 
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upon  tilings.  Doubling  a  creature's  activity,  quadruples  the 
area  that  comes  within  the  range  of  its  excursions:  thus 
augmenting  in  number  and  heterogeneity,  the  external 
agencies  which  act  on  it  during  any  given  interval. 

By  compounding  the  actions  of  these  several  orders  of 
factors,  there  is  produced  a  geometric  progression  of  changes, 
increasing  with  immense  rapidity.  And  there  goes  on  on 
equally  rapid  increase  in  the  frequency  with  which  the  com- 
binations of  the  actions  are  altered,  and  the  intricacies  of 
their  co-operations  enhanced. 


CHAPTER  X. 


DiTEENAL  FACTOKa 


§  153.  Wb  saw  at  the  outeot  (§§  10— Ifl),  tliat  i 
matter  is  bnilt  up  of  moloutilcs  bo  cxtrcimOy  nnsUblo,  tl 
the  Gligbtcst   variation   in   llieir  comli'tioiia  (lE«tro}'S  1" 
equilibrium ;    and  caii&es    tlieui    eitlier  to   useumo  altc 
Btructurcs  or  to  decompose.   But  a  sulntance  which  is  bojoi 
all  ollicrs  chongeahle  by  the  octiona  and  reactions  of  t 
forces  libt-rat«d  ftom   instant   to  inetant  within  ita  i 
mass,  must  bo  a  substance  that  is  beyond  oil  othcra  chu 
able   by  the  forces   acting  on    it   from  vithout.     If  tbi 
coiupoailioQ  fits  orgaiiic  aggregates  for  undergoing  ' 
eptviul  facility  and  rapidity  those  re-diatribu lions  of  b 
and  motion  whence  result  individual  organization  and  1 
then  their  composition  must  mukc  ihcm  similarly  apt  1 
undergo  those  permanent  re-distributions  of  matter  and  ii 
tioD  which  are  expressed  by  changes  of  structure,  in  ( 
qiondonce  with  permanent  re-distributions  of  matter  I 
motion  in  their  environments. 

Already  in  First  Priiieiple»,  when  considering  tho  ] 
nomcna  of  Evolution  in  geucral,  the  leading  charactun  i 
causes  of  those  changes  which  constitute  organic  ovolutti 
wcw  briefly  traced.  Under  each  of  the  dinvativo  lawi 
forc«  to  which  tho  pooaa^  from  aii~Iiu^iInTcnt,  1 

Ewmogt^iwty  to  a  odtCHmt,  daflnito  "helen>geHeity,  t 

wcfB  gJTcn  ilhutatiooa  drawn  Irom  the  mttaauiiptiB— ^ 
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living  bodies.     Here  it  will  be  needful  to  cont«mplot« 
Heveral  resulting  processes  aa  going  on  at  once,  in 
individuals  end  species. 

§  154.  Our  postulate  being  that  organic  evolution  i 
neral  commenced  with  homogeneous  organic  matter,  just  ■ 
the  evolution  of  Individual  organisms  commences,  wo  liave 
firat  to  remember  that  the  state  of  homogeneity  is  an  un- 
stable state  (Fimt  Pri-neifler,  g  109).  In  any  aggregate 
"the  relations  of  outside  and  inside,  and  of  comparative 
nearness  to  neighbouring  soiirces  of  Influence,  imply  the  re- 
ception of  influences  that  are  unlike  in  quantity  or  quality, 
or  both ;  and  it  foUoya  ^huf.  iinijhfl  rhriTicrfl  ffill  ^  pr^lim*;^' 

in  the  parts  thus  dissimilarly  actc^  upon."  Further,  "  if 
any  given  whole,  instead  of  being  absolutely  uniform  through- 
out, oonsiata  of  parts  diBtin^pjishablo  from  each  other — if 
each  of  these  pM^a,  while  Botaewhat  unlike  other  parts,  is 
uniform  within  itself;  then,  each  of  tbem  being  in  unstable 
equilibrium,  It  Tollowa  that  while  the  changes  set  op  within 
it  must  render  it  multiform,  they  must  at  the  same  time 
render  the  whole  more  multiform  than  before ;  "  and  hence, 
"whether  that  state  with  which  we  commence  be  or  be  not 
one  of  perfect  homogeneity,  the  process  must  equally  be 
towards  a  relative  hclcrogen  eJty^ ' '  This  loss  of 

hoinogcnoity  whicE  the  special  instability  of  organic  aggre- 
gates fits  them  to  display  more  promptly  and  variously  than 
any  other  aggregates,  must  bo  shown  In  more  numerous 
ways  in  proportion  as  the  incident  forces  are  more  numaroua. 
Every  differentiation  of  Btructuro  being  a  result  of  some 
dificronce  in  the  relations  of  the  parls  to  the  agencies  acting 
on  them,  it  follows  that  the  more  multiplied  and  more  unUko 
the  agencies,  the  more  varied  must  be  the  diffcrentiatiana 
wrought.  Ilonce  the  gravitation  from  a  state  of  homogenei 
to  a  elate  of  boloi-ogeucity,  will  be  conspicuouslv  shown  j 
EToportion  JIB  _tlifi_fiiijdruiiuncat  _(s  complex. 
transition  from  a  uniform  to  a  multifi>rm  slat<>,  must  t 
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tinue  tlirough  fliiccesMVe  individuals.  Oiv«i  a  aoriea  of  or- 
ganisms, each  of  which  is  developed  from  a  portioa  of  ft 
preceding  organism,  and  the  question  is,  whether,  i 
exposure  of  the  scries  for  a  million  years  to  changed  incid 
forces,  one  of  its  members  will  be  the  same  as  thongh  I 
incident  forces  had  only  just  changed.  To  say  that  it  i 
is  implicitly  to  deny  the  persistence  of  force.  In  irlation  to 
any  cause  of  divergence,  the  whole  scriL-a  of  such  orgatdauu 
may  be  considered  as  fused  together  into  a  contiuuoiulr- 
existing  organism ;  and  when  so  considered,  it  bocomot 
manifest  that  a  continuously-acting  cause  will  go  on  working 
a  continuously-increasing  effect,  until  some  «oimt«ractiDg 
cause  prevents  any  further  effect. 

But  now  if  any  primordial  organic  npgrcgiBc.  m\ist,  in  itadf 
an"?!  through  its  descendants,  gravitate  from  uniformity  to 
multilbrmity,  m  obedienco  to  tlic  more  or  less  mnltifonii 
forces  acting  on  it ;  what  must  happen  if  thcao  mnltifoOTii 
forces  are  themselves  ever  undergoing  slow  Tariations  nn^ 
complications  ?  Clearly  the  process,  ever- advancing  towaida 
ineinporaryTimit  hut  over  having  its  limit  removed,  diuat 
go  on  unceasingly.  On  those  structural  changes  wroagbt 
in  the  onco  homogeneous  aggregate  hy  un  original  set  of  in- 
cident forces,  will  be  supeqxwed  further  chongca  wmogb 
by  a  modified  set  of  incident  fbroee ;  and  so  on  throu| 
all  time.  Omitting  for  the  present  those  circtim 
which  check  and  •jualify  its  cnngoi|neneus,  the  instability! 
tlio  horat^eneoiis  must  bo  recoiniized  an  ever-acting  c 
orpiiic  evolution,  as  of  all  other  evolution. 

While  it  follows  that  every  organism,  considered  ai 
dividtul  and  as  one  of  a  series,  tends  Urns  to  imbs  Into  a  mora 
hoterogeneons  ntate;  it  also  follows  that  every  speciM,  con- 
siderod  as  an  aggregate  of  individuals,  tends  to  do  the  I 
lliroughout  the  area  it  inhitbils,  Iho  condilioni  can  i 
be  absolutely  uniform :  its  members  must,  in  different  ] 
of  it«  arm,  be  exposed  to  different  seta  of  incident  1 
Still  more  decided  must  this  difierenc«  of  expoouni  be  1 
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.  its  members  spread  iuto  other  habitats.     Those  expaun^ 

and  repressive  ener^cs  which  set  to  each  species  a  limit  thai 

perpetually  oscillates  from  side  to  side  of  a  certain  mean,  ara^ 

^m     as  we  lately  saw,  frequently  changed  by  new  combinations 

^H    of  the  external  factors — astronomic,  geologic,  metoorologic, 

^V    and  organic.  Ilcnce  there  from  time  to  time  arise  lines  of  di- 

^^     minished  resistance,  along  which  the  epecies  flows  into  new 

localities.     Such  portions  of  the  species  as  thus  migmto,  aro 

subject  to  cirenmslancea  markedly  contrasted  with  itsavenigo 

circumstances.    And  from  multiformity  of  the  circumstances, 

must  come  multiformity  of  the  species, 

I  Thus  the  law  of  the  instability  of  the  homogeneous,  has  her© 
a  three-fold  corollary.  As  interpreted  in  connexion  with  the 
ever-progressing,  "ever-complicating  changes  in  external  fac- 
tors, it  brings  us  to  the  conclusion  that  there  must  be  a  pre- 
vailing tendency  towards  greater  heterogeneity  in  all  kiu< 
of  organisms,  considered  both  individually  and  in  successi' 
generations ;  as  well  as  in  each  assemblage  of  organisms  coi 
stitnting  a  species;  and,  by  eonscqiienoe,  in  each  gem 
order,  and  class 


g  155,  TVhen  considering  the  causes  of  evolution  in 
general,  we  further  saw  (Mrxt  Principles,  J  116),  that  the 
multiplication  of  elfects  aids  continually  to  increase  that 
heterogeneity  into  which  homogeneity  inevitably  lapses.  It 
was  pointed  out  that  since  "  the  several  parts  of  an  aggre- 
gate are  difl'ercntly  modified  by  any  incident  force ; "  and 
that  since  "  by  the  reactions  of  the  diiferently  modified  parts 
the  incident  force  itself  must  he  divided  into  difibrently 
modified  parts ;  "  it  follows  that  "  each  differ cutiated  di- 
vision of  the  aggregate  thus  becomes  a  centre  fii)m  which]" 
a  differentiated  division  of  the  original  force  is 
diffused.  And  since  unlike  forces  mui>t  produce 
reaidts,  eaoh  of  these  diiferenlialed  forces  must  product), 
throughout  the  aggrcgatfl,  a  further  series  of  dlffermtia- 
tums."    And  to  this  it  was  added,  that  in  proportioa  u 
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thi)  hetcrnftcneity  increases,  tb«  complications  arising  from 
this  multiplication  of  cfiecta  g^ow  more  marked ;  eiluse 
the  more  etrougly  contrasted  the  part«  of  ua  o^grogsta 
become,  the  more  diflcrent  must  be  their  reactions  opon 
incident  forces,  and  the  moro  unlike  miut  be  the  Mcaod&iy 
sets  of  effects  wlucli  tlicse  modllied  incident  forces  initials ; 
nud  EincD  every  increase  in  tho  number  of  uulike  parte 
increaw.-e  the  number  of  such  dilTercutiiitGd  incident  forcco^ 
and  such  accondury  Beta  of  effcctG. 

IIow  this  multiplication  of  cffoutA  conitpires  with  tho  in- 
stability of  tho  homogeneous,  to  worfa  an  incrcosin};  multi- 
formity vl'  structure  in  on  orguDiam,  waa  shown  at  tho  time ; 
and  the  foregoing  pitgcs  contain  further  incidental  illnstia- 
tions.  Under  the  head  of  Adztplation  (^  69),  it  waa  atny^i 
Hint  a  change  in  one  function  must  net  and  ro-w-t  tbyna^yi^ 
ever-complicating  perturbations  on  the  reat ;  and  that,  eTBotn- 
ally,  all  parts  of  tho  organism  moat  be  modified  In  Jbmr 
elates.  Suppose  that  the  head  of  a  mammal  becomes  tdtjt 
much  moro  weightj' — what  must  be  tlio  iadiroct  romltaP 
Tho  nm'cles  of  tho  mxk  arc  put  to  greater  < 
its  verli'bno  have  to  bear  additional  t<.'Usiona  and  ] 
caused  both  by  the  ini^reaaed  weight  of  tJio  lund,  and  th» 
stronger  contraetiona  of  the  muscW  that  support  and  move  tha 
bead.  ThetHimiiKcleaalsoBtrect rhcirownatlachmrotA:  mrvenl 
of  the  dorsal  )!pi lies  have  Hugmentt'd  strains  put  on  them; 
and  the  vertebno  to  which  they  are  lijccd,  ore  mure  anrcnily 
taxed.  Further,  this  heavier  head  and  tho  more  msaadn) 
neck  it  ucoexHitatca,  require  a  stronger  fuli:rum :  tfao  vbolo 
thoracic  arch,  and  tho  foro  limba  which  support  it,  are  ntb- 
jeet  to  greater  continuous  stress  and  more  violent  occasional 
dhuclw.  And  the  required  streiigtliening  of  tlic  loro-quartcn 
cannot  take  pUee,  without  tho  centre  of  granty  being 
ohangod,  and  tho  Mnd  Umb«  being  differently  mtcti'd  npon 
during  I'tcoinoliou.  Any  »no  who  cuin]uin«  tho  outUoe 
of  the  bison  with  that  of  it«  congener,  the  oz,  will  ckutjr 
4c«  how  profoondlj  a  heavier  hood  alTmts  tba  eotin)  iiaamij 
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and  muHCulur  systems.  Besides  this   multiplica- 

tioQ  of  mechaiiical  cflecte,  there  ia  a.  multiplication  of 
physiological  effects.  The  vascular  apparatus  is  modified 
throughout  its  whole  slructure,  by  each  considerable  modifi- 
oatioQ  in  the  proportioDs  of  the  body.  Increase  in  the  siza 
of  any  organ,  implies  a  quantitative,  and  uften  a  qualitative^ 
reaction  on  the  blood ;  and  so  altera  the  nutrition  of  all  other 
organs.  Such  physiological  correlations  are  exemplified  la  fho 
many  difTerencee  that  accompany  difference  of  sex.  That  the 
minor  sexual  peculiarities  are  brought  about  by  the  physio- 
logical actions  and  reactions,  is  shown  both  by  tJie  fact  that 
they  are  commonly  but  faintly  marked  until  the  fundamentally 
distinctive  organs  are  developed;  and  that  when  the  de- 
velopment of  these  is  prevented,  the  minor  sexual  peculiaritioa 
do  not  arise.  No  ftirther  proof  is,  I  think,  needed, 

that  in  any  indii-idual  organism  or  its  descendants,  a  new 
external  action  must,  bosidi^  the  primary  intem^change 
which  it  works,  work  sundry  aei'ondary  elian^atSa  JEbU_P« 
tertiary  changes  still  more  mnltipUtKl.  That  tendency  ta^ 
wards  greater  heterogeneity  which  ia  given  to  an  organ- 
ism  by  disturbing  its  environment,  ia  helped  by  the  t«ndonc] 
which  every  modification  "has  to  produce  other  modificationa 
— modifications  which  must  become  more  numerous  in  pro- 
portion as  the  organism  becomes  more  complex.  And 
then,  lastly,  among  the  indirect  and  involved  manifestations 
of  this  tendency,  we  must  not  omit  the  innumerable  small 
irregularities  of  structure  that  result  from  the  crossing  of 
dissimilarly-modified  individuals.  It  was  shown  (§lj  89,  90) 
•Jiat  what  are  called  "spontaneous  variations,"  are  inter- 
pretable  aa  results  of  miscellaneously  compounding  the 
changes  wrought  in  difierent  lines  of  ancestors  by  different 
conditions  of  life.  These  still  more  complex  and  multi- 
tudinous efiacts  so  produced,  are  thus  further  illustrations  of 
the  mull  ipli  cat  ion  of  effects. 

Equally  iu  the  aggregate  of  individuals  constituting 
8pccie8,  does  multiplication  of  effects  become  tlie  contim 
19 
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<!ause  of  increaaing  multiformity.  The  lapse  of  a  spedea  into 
divergent  rarietica,  initiates  &c^  combinatiooa  of  (<avm 
tending  to  work  further  divergences.  The  new  varietica 
compete  with  the  parent  species  m  new  ways;  tmd  00  add  new 
elements  to  its  circumstances.  They  modily  somewhat  tlw 
conditions  of  other  species  existing  in  their  hubitat,  or  inle 
whose  habitat  they  have  spread;  and  the  modificationa 
wrought  in  such  other  species,  become  additional  soorcca  of 
influence.  The  Flora  and  Fauna  of  every  region  are  onltcd 
by  their  entangled  relations  into  a  whole,  of  which  do  part 
can  be  affected  without  afiecling  the  rest.  Hence,  each  ^it- 
ferontiation  in  a  local  assemblagD  of  epodes, 
cause  of  iiirthur  difiereutiations  in  such 


g  150.  One  of  tlie  universal  principles  to  which  wo  aav 
that  the  re-distribution  of  matter  and  motion  confomu,  ia 
that  in  any  aggregate  mode  up  of  mixed  unita,  incidjait 
forces  produce  iiegTegation — separate  unlike  units  and  niute 
like  unita ;  and  it  was  eJiown  that  the  increasing  iDtegratioo 
and  dcJinitonoss  which  cliaractorizes  each  part  of  an  ovolTing 
organic  aggregate,  as  of  every  other  aggrogato,  malta  flfun 
this  {Flrnt  /*ruirt>(««,  §  126).  It  remains  her©  to  be 
pointed  out,  that  while  the  aclioni  and  reactions  going  oo 
between  organisms  and  their  evor-changing  eDvirontnent^ 
odd  to  the  hct«rogencity  of  organic  structures,  tbey  also 
give  to  the  heterogeneity  this  growing  distinctnets.  At 
Brst  sight  the  rtrvcrso  might  be  inferred.  It  might  be  argocd 
that  any  new  set  of  effects  wrought  in  an  organism  Iqr  aomtt 
new  sot  of  extcTDal  forces,  must  tend  more  or  loaa  to  oblitcr- 
ato  the  cffoets  proviooaly  wrought — must  produce  oonfbaioa 
or  indetiniteneas.  A  little  consideration,  however,  will  doai- 
pate  this  impruBsion. 

Doubtless  the  condition  under  which  alone  ineroaaing  i^ 
flnitenosa  of  atructuro  can  bo  acquired  by  any  part  of  an  cr- 
gnnism,  either  in  an  indivIJniir  or  in  sacr^^anivgrnaSG^^m 
that  fudi  part  shall  bo  exposed  to  some  set  of  tulcnbly-eaa- 


it  caa  coDtinuoiLsIy  expose  itself  and  its  dcscendunts,  only  to  ■ 
those  moderate  changes  whiclt  do  not  destroy  the  general  haP-  n 
mooy  between  the  aggregate  of  incident  forces  and  the  ag- 
gregate of  its  functions.     That  is,  it  must  remain  under 
influences  calculated  to   make  greater  the  dcfinitenoss  of 
tho   chief   differentiations    already   produced.     If,     for    ex- 
ample, wo  set  out  with  an  animal  in  which  a  rudimciifary 
yertebral  column  with  its  attached  muscular  system  has 
been  established;  it  is  clear  that  the  mechanical  arrunge- 
menta  have  become  thereby  so  far  determined,  that  sub- 
sequent modifications  are  extremely  likely,  if  not  certain,  to 
be  consistent  with  the  production  a(  movement  by  tho  actioii  J 
of  muscles  on  a  flexible  central  axis.     Hence,  there  will  c 
tinuc  a  general  similarity  in  the  play  of  forces  to  which  thttj 
flexible  central  axis  is  subject ;  and  so,  notwithstanding  Ihej 
metamorphoses  which  tic  Tertehrate  t}'pe  undergoes,  therfl 
will  bo  a  maintenance  of  conditions  favourable  to  increasiaga 
definiteness  and  integration  of  the  vertebral  column.     More-  1 
over,  this  maintenance  of  such  conditions  becomes  secure  ia  | 
proportion   aa  organization  advances.      Each    fiirther  com- 
plexify of  structure,  implying  some  further  complexity  in 
the  relations  between  an  organism  and  its  environment,  must 
tend  to  specialize  the  actions  and  reactions  between  it  and  its 
environment — must   tend   to  ijicrcaae    the  stringency  with 
which  it  is  restrained  within  such  environments  as  admit  of 
those  Kpwial  actions  and  reactions  for  which  its  structure  fits 
it ;  that  is,  must  further  guarantee  the  continuance  of  tLw 
Bi'lions  and  reactions  to  which  its  eesenlial  organs  reepon^l 
and  therefore  the  continuance  of  the  segregating  process. 
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How  in  each  species,  confddercd  as  an  it^regate  of  indi- 
viduals, there  must  ariso  atrongor  and  atronger  contzaati 
between  those  divorgent  varieties  which  result  from  tba 
instability  of  the  homogeneous  and  the  inulti}>licaticni  of 
eSects,  needs  only  De  briefly  indicated.  It  has  olrradr 
been  shown  {First  Prinnpleg,  §  126),  that  la  txeJanailj  to 
the  universal  law  that  mixed  units  are  segrrgmtfld  hy  lika 
incident  forces,  there  nro  produced  increasiogly-dofiiuta 
distinctions  among  varieties,  wherever  there  occur  deflnltelj- 
distinguish  (d  6cts  of  conditions  to  which  the  varieties  an  r^ 
epectively  suhiL-ci. 

§157.  Probably  in  the  minds  of  some,  the  rcadinj;  of  thu 
chBpf«r  has  been  accompanied  by  a  running  commentary,  to 
the  effect  that  the  orgmnent  proves  too  much.  Tho  appuait 
impliratioQ  is,  tliat  the  passage  &om  an  indcfioit«^  tacoh*- 
rent  homogeneity  to  a  definite,  coherent  hcterogcnoi^  in 
organic  aggregates,  must  have  boon  going  on  onivonaUj; 
whcreiiB  wo  find  lliat  in  many  cases  there  has  beok  peru^ 
eiico  without  pri'grossiou.  Tliia  appurcnt  implication,  ltow~ 
ever,  is  not  a  real  ono. 

For  though  every  environment  on  tho  Earth'i  anrfao* 
undergoes  changes;  iind  though  usually  the  orgsniana 
which  each  emironment  contains,  cannot  nrape  ccrtua 
resulting  new  influences;  yet  occasionally  such  new  in- 
fluences are  escaped,  by  the  survival  of  fi]>cciM  in  the  un- 
changed parts  of  their  habitats,  or  by  their  spmd  into 
nmghbouring  hubitnts  which  tho  change  haa  rendered  lika 
tlidr  original  liabitata,  or  by  both.  Any  alteration  in  tho 
tom[>erature  of  a  eli:iial«  or  its  degrco  cif  humidity,  ia  iui> 
likely  to  aJTect  atmidlaneously  the  whole  area  oocupiod  by  % 
species  ;  and  further,  it  can  scarcely  fait  to  happen  thiit  tlw 
addition  or  subtmction  of  heat  nr  moiKture,  will  givo  to  ft 
|turt  of  somo  adjacent  area,  a  climate  like  to  that  to  whit^ 
the  Bpeoiea  has  boen  habituated.  If,  again,  tho  circiimatwnwi 
of  ■  spocios  are  modified  by  the  intruaion  of  Mimo  fiwm^ 
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kind  of  plant  or  animal,  it  follows  tliat  since  the  intruders 
Mrill  probably  not  spread  throughout  its  whole  habitat,  the 
species  willy  in  one  or  more  localities,  remain  unaffected  by 
them.  Especially  among  marine  creatures,  must  there  fre- 
quently occur  cases  in  which  modifying  causes  are  con- 
tinually eluded.  Much  more  uniform  as  are  the  physical 
conditions  to  which  the  sea  exposes  its  inhabitants,  it  becomes 
possible  for  such  of  them  as  live  on  widely-diffiised  food,  to 
be  widely  distributed ;  and  wide  distribution  generally  pre- 
vents the  members  of  a  species  from  being  all  subject  to  the 
same  cause.  Our  coihmonest  cirrhiped,  for  instance,  subsisting 
on  minute  creatures  that  are  everywhere  dispersed  through 
the  sea ;  needing  only  to  have  some  firm  surface  on  which 
to  build  up  its  shell ;  and  in  scarcely  any  danger  from  sur- 
rounding animals;  is  able  to  exist  on  shores  so  widely  remote 
from  one  another,  that  nearly  every  change  in  the  actions  of 
incident  forces,  must  fall  within  narrower  areas  than  that 
which  the  species  occupies.  In  nearly  every  pase,  therefore, 
a  portion  of  the  q>ecies  Mrill  survive  unmodified.  Its  easily- 
transported  germs  will  take  pot<session  of  such  new  habitats 
as  have  been  rendered  fitter  by  the  change  that  has  unfitted 
some  parts  of  its  original  habitat.  Hence,  on  successive 
occasions,  while  some  parts  of  the  species  are  slightly  trans- 
formed, another  part  may  continually  escape  transformation 
by  migrating  hither  and  thither,  where  the  simple  condi- 
tions needed  for  its  existence  recur  in  nearly  the  same  com- 
binations as  before.  And  it  will  so  become  possible  for  it 
to  sur\'ive,  with  comparatively  trifling  structural  changes, 
throughout  long  geologic  periods. 

§  158.  The  results  to  which  we  find  ourselves  led,  are 
these. 

In  subordination  to  the  different  amounts  and  kinds  of 
forces  to  which  its  different  parts  are  exposed,  every  in- 
dividual organic  aggregate,  like  all  other  aggregates,  tendf* 
to  pass  from  its  original  indistinct  simplicity  towards  a  more 
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diatinct  complexity.  Unless  we  deny  lie 
forco,  we  muBt  admit  tliat  the  gravitation  of 
Btnicturo  from  an  indefinitely  homogeneous  to  a 
hoterogeneous  state,  muat  be  c'"""\atiYl  ip  bimvju^vh  gmniM. 
tions,  if  the  forces  causing  it  continue  to  act.  And  for  the 
like  reasons,  the  increo^g  o^cmblago  of  indSWduala  aristng 
from  a  common  stock,  is  also  liable  to  Io»(!  ita  original 
uniformity;  and,  in  Biiccessive  gcnerationa,  to  grov  more 
pronomiced  in  ita  niulliforraity. 

These  changes^  wliii-.li  wnnli)  go  on  to  bat  ■  oonip»initiT<Jy 
small  extent  were  ori^rmi-ms  (XTins^-d  lo  cpimtant  gzlcnwj 
conditions,  are  ke|'t  n]  :  li  clmngea  in  ettenad 

conditiona,  produc^i  .i-ologic,  met«orologH, 

and  organic  agomn-  _     result  being,  thnt  od 

jirevioua  complications  of  etruitunj  wrought  by  proviooe 
incident  force's,  new  compIicHlimia  [irc  conliuunllv8m>tTpUMd 
by  new  incident  forces.  And  hence  simtiltnue«u.Hly  uim 
increasing  heterogeneity  in  the  structurea  of  indiridunlo,  in 
the  structures  of  species,  and  in  the  slruoturcs  of  tbo  Kortli'e 
Flora  and  Fauna. 

But  while,  ill  very  many  or  in  moat  cases,  the  enr- 
changing  incidence  of  forces  is  ever  adding  to  Ihu  COinploxity 
of  orguni&ma.  and  (o  the  complexity  of  the  organic  world  lu  ■ 
whole ;  it  does  this  only  where  its  action  cannot  bo  eluded. 
And  since,  by  migraliun,  it  is  posuble  for  sptvica  lo  korp 
themsolvea  under  conditions  that  are  tolerably  coDstuit; 
there  must  bo  a  proportion  of  cases  in  which  gnater  bolero* 
gencity  of  structure  is  not  produced. 

Uniting  thcao  thn>o  propositi oiin,  wo  am  brought  to  a  ooa 
elusion  which,  so  far  as  it  goes,  a])pears  to  bo  in  harmoLy 
with  the  facta.  We  find  prornvsaion  to  rc»ull.  not  from  a 
apocial,  inherent  tendency  of  hving  bodies,  but  from  a  ttcmcral 
average  effect  of  their  relulions  lo  surrounding  agenowifc 
WLilu  wo  are  not  called  on  lo  i^uppow  that  there  exists  Ul 
organians  any  j>rimordial  impuJajTwEjch  nuJcea  tbe»  c^- 
tinuolly  unicjd  into   more  netoiogeneoue  fonm;    wa  wat 
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that  a  liability  to  be  unfolded  arises  from  the  actions  and 
reactions  between  organisms  ana  tneir  iiuctuating  environ- 
ments.Anrl    WA  af>A    flipf.    tV\^    ^^^»»/>^/>^    r^¥    o»r>K     o     oo^,orx     rxf 


development,  presupposes  the  non-occurrence  of  development 
where  this  fliK^ti^on_nf  ap^^otih  aTid  rfiflfitionfl  dnea  not 
come  mto  play. 

To  show,  however,  that  there  must  arise  a  certain  genewJ 
tendency  to  the  production  of  more  heterogeneous  aggregates, 
is  not  sufficient.  It  is  quite  conceivable  that  aggregates 
^ould  be  rendered  more  heterogeneous  by  changing  incident 
forces,  without  having  given  to  them  that  peculiar  form  of 
heterogeneity  required  for  carrying  on  the  frmctions  of  life. 
Hence  it  remams  now  to  mqiure,  how  the  production  and 
niamtenance  of  this  peculiar  form  of  heterogeneity  is  insured, 

«->..-^.  .  ,    -  *  .1.  I  ■         m^.>tm*-,^Af*^.»^    M      III WU 
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%  159.  Every  change  is  of  necesaity  towards  a  bakmoe  of 
lbiim«;  and  of  necesaity  can  never  cease  until  a  bulonco  of  forces 
U  reached.  Wlien  treating  of  equilibration  tmiler  its  genoral 
aspects  {First  Prlnciphs,  Part  II,,  Omp.  xvi.),  vro  saw  tluit 
in  every  Bggrcgato  having  compound  movcmcntti,  then 
tends  continually  to  be  established  a  moving  eqiulibrium ; 
since  any  unequilibratod  force  to  which  such  an  aggrcgnto 
is  subject,  if  not  of  a  kind  to  overthrow  the  aggregate  al- 
together, muat  coutinuo  modifying  its  state  until  on  equi- 
libriiun  is  brouglit  about.  And  we  Eaw  that  Uio  stractura 
simultaneously  reached  must  be  "  one  preaenting  an  arraogo- 
ment  of  forces  that  counterbalance  all  the  forces  to  wluch  tbo 
aggregate  is  subject ; "  sinco,  "  so  long  as  there  n-tnains  a 
rwdual  force  in  any  direction — be  it  cxcmb  of  a  Ibne 
exercised  by  the  aggregate  on  its  environment,  or  of  a  Umm 
exercised  by  its  environment  on  tbo  ttggn>gat«,  oquilibriaa 
does  not  exist ;  and  therefore  the  re-distribution  of  matter 
must  continue." 

It  is  cnentia]  that  this  truth  tthould  here  be  fully  under* 
stood ;  and  Ui  the  end  of  insnring  a  clear  comprehensioa  of 
it,  aomo  re-illustnition  )s  dosiniblo.  The  com  of  theSoUr 
Syslum  will  be«t  serve  our  purpotso.  An  assemblage  of  boding 
each  of  wliieh  has  itH  simplo  uitd  compound  motions,  thti 
•everally  alternate  between  two  extremes,  and  tho  whida  of 
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which  has  lU  lavoivtii  perturbations,  that  now  increaee  and  J 
di!cr«u«6,   ia   heie  preaented  to    us.      Suppose  a  uaW  1 

iroe  were  hrought  to  bear  on  this  moving  equilibrium— 
by  tho  arrival  of  some  wandering  ma^,  or  by  an  additional 
momentum  given  to  one  of  the  existing  massce — what  would 
be  the  result  f    If  the  strange  body  or  the  extra  forue  were 
very  largo,  it  might  so  derange  the  entire  system  as  to  cause 
its  collapse  :  by  overlhn)W  of  ita  rhythmical  movements,  the 
moving  equilibriilm  might  rapidly  be  changed  into  a  com- 
plole  equilibrium.     But  what  if  the  incident  force,  falling  ou 
the  system  from  without,  proved  Insufficimit  to  overthrow  itP 
There  would  then  arise  a  act  of  pcrturbatious  which  would, 
in  the  course  of  an  enormous  period,  slowly  work  round  into 
a  modified  moving  equilibrium.     The  effects  primarily  i™ 
p«)ased  on  the  adjacent  raasses,  and  in  a  smaller  dogi-ee  o 
'he  rwnoter  mosses,  would  soon  become  complicatod  witli  th^ 
secondary  dfecU  iniiireased  by  the  disturbed  masses  on  o 
another;  and  these  again  with  tertiary  effects.     Waves  ( 
plirtiirbation  would  continue  to  ho  propagated  throughoi 
the  entire  system ;  until,  around  a  now  centre  of  gravity, 
there  had  been  ealablishod  a  sat  of  planetary  motions  more  ' 
or  less  different  from  the  preceding  ones.     All  this  would 
irily  iollow  from  the  truth,  tliat  any  new  force  brought 
iio  boar  on  a  moving  equilibrium,  must  gradually  be  used  up 
lin  overcoming  th«  forcoa  that  resist  the  divergence  it  genor- 
atos:  wliich  antagonizing  forces,  being  then  no  longer  op-   I 
f'posed,  set  up  a  counter-action,  ending  in  a  compensating  I 
divergence  in  the  opposite  direction,  that  is  followed  by  a  j 
re-compensating  divergence ;  and  so  on,  until  there  ia  either  I 
established  some  additional  rhythmical  movement,  or  soma  J 
equiv.ileut  modilieutiuu  of  the  pre-existing  rhythmical  mov(H 
ments.  Now  though  instead  of  being,  like  the  Solai 

System,  in  a  state  of  iatlrpcndenl  moving  equilibrium,  i 
organi«ii   is  in  a   stale   of  ({'•penitent    raovijig   equilibnui 

{first   Prinfiphi,  %  130) ;  yet  this  does  not   prevent  t 
manifestation  of  the  same  law.     Every  animal  daily  obtain! 
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(mm  without,  s  supply  of  force  to  replfic*i  tiie  Satf 
which  it  expeoils ;  but  this  contiaual  giving  la  ita  port*  « 
Dew  momentom,  to  moke  up  for  the  momontum  cootumaQy 
lost,  does  not  interfere  with  tho  carrying  on  of  Rctiotu  and 
reactions  like  those  just  described.  Here,  us  hefoni,  wo  bsTC 
u  dchnildy-arranged  aggregate  of  jiartH,  which  wa  emU 
organs,  having  their  di^finitcly-ostabliahcd  actions  and 
actions,  which  we  call  funutioos.  These  rhythmical 
or  functioaa,  and  the  yariom  compound  rbytfama  roauitSu 
from  Q'eir  combinatioafl,  arc  in  such  adjustment  aa  to  balanc* 
tlio  actions  to  which  the  organJam  Ja  subject :  there  ta  b  coo-j 
Btant  or  periodic  ^-nesia  of  foroea.  which,  in  their  ItJoiU 
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amounts,  and  directions,  suffica  to 
wliiUh  tlie  orgaiiLim  has  constantly  op  puriodirally  to  bear. 
IT  then  there  oxi^1«  lliIs~Btal©  or  moving  cquiUbnnm  an^^ 
a  dc&uite  set  of  internal  actions,  exposed  to  a  doQntte  aot  of  ex- 
ternal actions ;  what  mu.^t  result  if  any  of  tho  extenul  actjou 
are  changed  P  Of  coune  there  is  no  longer  an  c<iuiUbriain- 
Some  force  which  tho  orguuiam  habitually  gcncnitefi,  is  too 
great  or  too  anudl  to  iNdanee  some  incident  force ;  and  then 
arises  a  residuary  force  exerted  by  Ihe  enrininment  oq  lb« 
organism,  or  by  tho  orgaoiiim  on  the  envtroomenL  Thii 
rtixiduary  force — this  unbalanced  forep.  of  nc«c«sily  cxpendi 
itself  in  producing  tiomu  change  of  statu  in  tho  orgnnion. 
Acting  directly  on  some  organ  and  morlifying  its  funotioa, 
it  indirectly  modifies  dependent  functions,  and  remotely 
inllucneoB  all  tlie  functions.  As  we  iiave  almdy  Men 
(^  l!8,  6'J),  if  tliis  new  forc«  is  permanent,  its  eifccta  must 
l>e  gradually  diffused  throughout  tho  entire  syatcm;  ontil  it 
has  como  to  bo  equilibrated  in  working  those  structural  ro- 
arrangiinonta  which  produce  an  exactly  coutiU-rbolancing 
ferc'o. 

The  beirtiig  ot  tliia  giincral  truth  on  the  quostion  we  mr« 
now   dealing   with,  is  ob^nous.      Those  modifications  upoo 

▼ironnii^uta  bavi!  U'^u  all  along  geiutr«ting  in  ■ 
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tiaro  been  in    each   caso   modiiicutioQa    in^olvect 
estabUahment  of  a  new  balance  wilb  the  new  combinatiun  of 
conditiona.     In  every  apocies  throughout  all  geologic  time, 
there  has  been  perpetually  going  on  a  rectilieation  of  the 
I  equilibrium,  that  has   been  perpetually   disturbed  by  the  i 
[  alteration  of  surrounding  circumstances;  and  every  further^ 
heterogeneity  has  been. the  addition  of  a  structural  ctiangB'1 
entailed  by  a  new  equilibration,  to  the  atructural  changeB  1 
entailed  by  previous  equilibrationa.     There  can  be  no  other  ' 
ultimate  mterpretation  of  the  matter,  since  change  can  haT6 
DO  other  goah     Any  fresh  force  brought  to  bear  on  an 
aggregate  in  a  state  of  moving  equilibrium,  must  do  ono  of 
two  things:   it  must  either  overthrow   tho  moving  eqni- 
librium  altogether,  or  it  must  alter  without  overthrowing  it ; 
antl  tiie  alteration  must  end  in  the  eatablJahment  of  a  new 
movmg  eqiulibrinm.     Hence  in  organiama,  death  or  restota- 
tion  of  the  phyaiolofflcal  balance,  are  the  only  altemativetC 
"This  equiUbrntion  between  the  functions  of  an  organism 
and  tho  actions  in  its  enrironment,  may  be  either  direct  op 
indirect.     The  new  incident  force  may  either  immediately 
tall   forth   some   counteracting  force,  and  its    concomitant 
Hlructural  change ;  or  it  may  be  eventually  balanced  by  some  i 
otherwise-produced    change    of    function    and    atTuotur^fl 
These  two  procosBes  of  equilibration  are  quite  distinct,  and[| 
must  be  separately  dealt  with.     We  will  devote  this  chapl 
to  the  Brst  of  them. 

g  ICO,    Direct    equilibration    is    that  proceaa  currently 

known  aa  adaptation.     We   have  already  seen  (Part  II., 

Chap,  v.),  that  individual  organisms  become  modified  when 

placed  in  new  conditiona  of  life — so  modified  as  to  re-adjust  J 

tbo  powers  to  the  requirements  ;  and  though  thero  is  groatfl 

difficulty  in  disentangling  tho  evidence,  we  found  reiison  foC^ 

tliiiiking    {§  82)    that   structural   changes    thus   cauaod   by 

functional  changes  are   inheril«il.      In   the  last  chapter,  it 

was  argued  that  if,  instead  of  the  succession  of  JndiTidnali 
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constituting  a  spocioa,  there  wcro  a  oootiauonaly-extflUng 
iiidividuitl,  any  such  fuuctioiial  and  etruvtural  fUvcrgeaoe  at 
wo  fioe  produced  by  a  now  incident  forcte,  would  nrifiiiiiiiiilr 
go  on  inurafisiu^  until  thu  now  irii:idi!iit  force  was  oooater- 
poised ;  and  tliut  the  replacing  of  a  continuoa&ly-exutio|f 
individiitil  bj  a  itucueasion  of  individuals,  each  formed  out  gf 
tho  moditicd  subslanco  of  ha  iirctlwoesor,  will  not  prorenC  the 
like  effect  from  being  produced — tho  pcrsistcnoo  of  forM 
npi^tiving  any  other  inference,  Iluro  we  furthtir  find,  tbat 
this  limit  towards  which  aay  bticIi  organic  change  adTHOcn, 
in  tho  species  as  in  the  individual,  is  a  new  moving;  eqtd* 
librium  adj  uatod  to  tho  new  urran^ment  of  cxt«TiaI  fonei. 

But  now,  what  arc  the  conditions  under  which  almw,  diniet 
c  juilibrutioii  can  occur  ?  Are  all  tho  modilication*  that  setrc 
to  re-fit  orgnnisuiB  to  their  environments,  directly  adsptivf 
modifications?  And  if  otherwise,  which  are  tho  directly 
adaptive  and  which  are  notP  How  are  we  to  distinguitli 
between  them  ? 

Manifcally,  for  any  moving  cquilibriuin  to  bo  grwinally 
altered,  it  is  needful,  first,  Uiat  some  force  shall  operutn  u] 
it ;  and,  second,  that  the  force  shall  not  bo  aucb  aa  to 
throw  it.  If  in  the  environment  there  exista 
tlint  would  act  advantageously  on  an  organism  were 
gani^n  a  little  modified,  but  which  docis  not  nnt  on  it  in  tbo 
absence  of  the  required  tn'xlification ;  it  i^  clrar  that  thui 
Bp>ncy  cannot  itself  tend  to  produce  the  modification.  On 
the  other  hand,  if  tho  external  agency  be  of  auch  kind,  that 
individuals  of  tho  spocioa  whoiicvcr  afiectod  by  it,  are  citluv 
killed  or  ao  injured  that  the  production  of  vigorous  oflopria^ 
is  much  interfered  with,  there  cannot  be  directly  wrougbt  in 
tho  epocios,  any  such  alteration  as  will  fit  it  to  copo  with 
this  pxtomid  ageiicy.  Tho  only  now  incident  forces  wluoh 
ran  work  the  changes  of  fiinotiim  and  structure  nKjuired  lo 
bring  any  uninuil  or  plant  into  equilibrium  ifith  them,  ars 
micfa  incident  foruat  as  opcrntu  on  this  animal  or  platttt 
•itber  contiauously  or  Ci-eijucntly.     They  moat  bo  capable 
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of  appreciably  changing  tliat  set  of  complex  rhythmical 
actions  and  reactions  constituting  the  life  of  the  organism ; 
and  yet  must  not  usually  produce  perturbations  that  are 
fatal.  Let  us  see  what  are  the  limits  to  direct  equilibra- 
tion hence  arising. 

$  161.  In  plants,  organs  engaged  in  nutrition,  and  exposed 
to  variations  in  the  amounts  and  proportions  of  matters  and 
forces  utilized  in  nutrition,  may  be  expected  to  undergo  cor- 
responding variations.  We  find  evidence  that  they  do  this. 
The  **  changes  of  habit "  which  are  common  in  plants,  when 
taken  to  places  unlike  in  climate  or  soil  to  those  before  in- 
habited by  them,  are  changes  of  parts  in  which  the  modified 
external  actions  directly  produce  modified  internal  actions. 
The  characters  of  the  stem  and  shoots  as  woody  or  succulent, 
erect  or  procumbent ;  of  the  leaves  in  respect  of  their  sizes, 
thicknesses,  and  textures ;  of  the  roots  in  their  degrees  of 
development  and  modes  of  growth ;  are  obviously  in  imme- 
diate relation  to  the  characters  of  the  environment.  A  per- 
manent difibrence  in  the  quantity  of  light  or  heat,  afibcts,  day 
after  day,  the  processes  going  on  in  the  leaves.  Habitual 
rain  or  drought,  alters  all  the  assmiilative  actions,  and 
appreciably  influences  the  organs  that  carry  them  on.  Some 
particular  substance,  by  its  presence  in  the  soil,  gives  new 
qualities  to  some  of  the  tissues ;  causing  greater  rigidity  or 
flexibility,  and  so  afiecting  the  general  aspect.  Here,  then, 
we  have,  in  plants,  changes  tending  to  bring  about  in  them, 
modified  arrangements  of  functions  and  structures,  in  equi- 
librium with  modified  sets  of  external  forces. 

But  now  let  us  turn  to  other  classes  of  organs  possessed  by 
plants — organs  which  are  not  at  once  altected  in  their  actions 
by  the  variations  of  incident  forces.  Take  first  the  organs 
of  aet'ence.  Many  plants  are  shielded  against  animals  that 
would  else  devour  them,  by  formidable  thorns ;  and  others, 
like  the  nettle,  by  stinging  hairs.  These  must  be  counted 
among  the  appliances  by  which  equilibrium  is  maintained 
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between  tlio  actions  in  iho  organism  and  ttto  ocliona  to  tta 
environniOQt ;  soc'lug  that  all  other  things  renuuatn^  th* 
same,  if  thcao  dufunccs  were  absent,  the  destruction  by  herb- 
ivorous animals  would  bo  so  increased,  that  tbo  number  of 
young  plants  annually  produced  would  not  eulGco,  as  it  nov 
dooa,  to  boLince  the  mortality,  and  the  species  would  thar*> 
fore  disappear.  But  these  defensive  appliances,  ihough  tbvf 
aid  in  maintaining  the  balanco  between  inner  and  oubr 
actijiis,  cannot  have  been  directly  colled  forth  by  the  oatat 
actions  which  they  serve  to  neutralise;  for  them  ontar 
actions  do  not  continuously  afiect  tlie  functions  of  tbf  plant 
ovon  in  a  general  way,  still  less  in  the  special  way  rcqiiind. 
Suppow  a  apccicfl  of  nettle  bare  of  poison-hairs^  to  bo  habifi- 
uolly  oaten  by  some  mainmal  intruding  on  its  habitat ;  Ab 
agency  of  this  mammal  would  have  no  direct  tendency  to 
dovelop  poison-buirs  in  the  plant;  since  the  individoali 
devoured  could  not  bequeath  chongoa  of  stmcturc,  orco  wrs 
tlio  actions  of  a  kind  to  produce  them ;  and  since  tbo  in- 
diWduuIs  that  pei'pctuated  themstilvos,  would  be  tliose  oa 
which  the  new  incident  force  had  not  fallen.  Ann 

other  cliiea  of  orpins  similarly  circumstanced ,  oro  tboa 
reproduction.  Like  the  orpans  of  defence,  thcw  are  | 
during  the  life  of  the  individual  plant,  variably  cxeruM 
varittblo  external  actions ;  and  therefore  do  not  fulfil  I 
conditions  under  which  structural  changes  may  bo  ( 
caused  by  changes  in  the  cn\'ironmcnt.  The  Rcnei 
apparatus  contained  in  every  flower,  acts  only  once  duRiiy 
its  exiotenco;  and  even  then,  tlio  ports  subscrro  their  enda 
in  a  passive  rather  than  an  active  way.  Fnnctionally-ppo- 
duccd  modilicationa  are  therefore  out  of  tbo  question, 
plant's  oiilliers  are  so  plnet-d,  tbnt  the  inicoet  whieh  I 
cotiimoiily  frequents  its  flowers,  is  sure  to  come 
with  the  pollen,  and  to  fcrtiliTic  with  it  other  flowon  of  I 
same  r^jiecics;  and  if  this  iii.-k-ct,  dwindling  nway  or  ( 
oppcariug  from  the  locality,  leaves  behind  no  i 
liave  such  shapes  and  habits  as  cause  tln-m  to  do  thoi 
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thing  efficiently,  but  only  some  which  do  it  inefficiently ;  it 
is  clear  that  the  change  of  its  conditions,  has  no  immediate 
tendency  to  work  in  the  plant  any  such  structural  change 
as  shall  bring  about  a  new  balance  with  its  conditions.  For 
the  anthers,  which,  even  when  they  discharge  their  functions, 
do  it  simply  by  standing  in  the  way  of  the  insect,  are,  under 
the  supposed  circxmistances,  left  untouched  by  the  insect ; 
and  this  remaining  untouched,  cannot  have  the  effect  of  so 
modifying  the  stamens  as  to  bring  the  anthers  into  a  position 
to  be  touched  by  some  other  insect.  Only  those  individuals 
who80*part8  of  fructification  so  far  differed  from  the  average 
form  of  the  species,  that  some  other  insect  could  serve  them 
as  pollen-carrier,  would  be  sufficiently  prolific  to  have  good 
chances  of  perpetuating  themselves.  And  on  their  progeny, 
inheriting  the  deviation,  there  would  act  no  external  force 
directly  calculated  to  make  the  deviation  greater,  and  the 
adaptation  more  complete;  since  the  new  circumstances  to 
which  re-adaptation  is  required,  are  such  as  do  not  in  the 
least  alter  the  equilibrium  of  functions  constituting  the  life 
of  the  individual  plant. 

§  162.  Among  animals,  adaptation  by  direct  equilibration 
is  similarly  traceable,  wherever,  during  the  life  of  the  indi- 
vidual, an  external  change  generates  some  constant  or  re- 
peated change  of  function.  This  is  conspicuously  the  case 
with  such  parts  of  an  animal  as  are  immediately  exposed  to 
difiused  influences,  like  those  of  climate,  and  with  such  parts 
of  an  animal  as  are  occupied  in  its  mechanical  actions  on  the 
environment.  Of  the  one  class  of  cases,  the  darkening  or 
lightening  of  the  skin,  that  follows  exposure  to  greater  or 
less  heat,  may  be  taken  as  an  instance ;  and  with  the  other 
class  of  cases,  we  are  made  familiar  by  the  increase  and  de- 
crease which  use  and  disuse  cause  in  tlie  organs  of  motion 
and  manipulation.  It  is  needless  here  to  exemplify  these : 
ihey  were  treated  of  in  the  Second  Part  of  this  work. 

But  in  animals,  as  in  plants,  there  are  many  indispensable 
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offices  fuifillea  b^  parts,  between  wlilcb  and  ttie  external  con ' 
ditiuua  they  rcspoad  to,  there  ia  no  such  action  and  ruautiua 
aa  can  directly  produce  au  oquUibrium.     This  is  tstpocaoUy 
manifest  with  dunnul  appendages.     Some  groood,  purbopH, 
(udats  for  the  coaclusiou  that  the  grcut^r  or  luss  development 
of  bairs,  ia  iii  port  immediately  duo  to  iiitsreoso  or  ducruaw  of 
demand  on  their  poaaive  fimction,  ua  nou-eouduotora  of  htsil ; 
but  bu  tliiB  03  it  may,  it  is  imposaiblo  that  tboro  can  eati 
nay  such  cause  for  those  immense  dovulopmcuts  of  liain  wIh^^ 
we  aoe  in  the  quills  of  the  porcupine,  or  those  complox^^H 
VclopDiouts  of  thum  known  as  feathers.     Such  au  euotna^^H 
armour  as  is  worn  by  tho  Lepidostcua,  U  inexplicable  aa  a  <li^^H 
remit  of  any  functionally- worked  change.     For  puTpoa^^^f 
defence,  such  an  armour  is  as  needlul,  or  more  nctxlfui^^^H 
hosts  of  other  fiahos ;  and  did  it  result  &om  any  dinicM^^| 
action  of  tbe  organism  against  any  oScnsive  sctiou  it^^^H 
subject  to,  there  eeems  no  reason  why  other  fishca  ohoulA^^H 
have  developed    similar  protective  coveringa.  ^^^| 

Buniliy  reproductive  a])pl!ancea,  tho  like  may  bo  said.  l^^H 
nocretioQ  of  an  egg-shell  round  the  subatanuc  of  au  *^gS^^^ 
the  oviduct  of  a  binl,  ia  quite  inesplicnble  as  a  conae^a^^^| 
of  aome  functionally- wrought  modification  of  struetnre^^^H 
mediately  caused  by  aoiuu  inoditicatlon  of  external  ^^^| 
ditioiia.  The  tnd  fullilled  by  the  cgg-shvll,  U  th>^^^| 
protecting  tlio  contained  mass  nguinst  certain  slight  prM^^^H 
and  colliaiona,  to  which  it  is  liable  during  incubation.  ^^^H 
by  any  process  of  direct  equilibration,  could  it  come  to  ^^^H 
the  re<|uirod  thickness?  or,  indeed,  how  could  it  ooo^^^| 
exist  at  all?  Suppose  thi.i  protective  enTelope  to  tM^^^| 
weak,  BO  that  some  of  tho  eggs  a  bird  lays  are  brakOB^^I 
crockM.  lu  the  lirst  place,  the  bn'okagin  or  crackinga'^^H 
aclinna  of  a  kind  wltich  ctuiuet  react  on  the  maternal  Ot^^^M 
isra,  ill  such  way  aa  t4)  cause  Ibo  aeuretinti  of  tluekcr  d|^^| 
for  tho  future :  to  suppose  that  they  can,  ia  to  suppose  l^^| 
the  bird  unik-ratands  the  cause  of  the  eril,  and  that^^^H 
boorc-tion  of  thicker  or  thinner  flhcUs  can  be  controlled  IiQ^^H 
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wiU.  In  the  second  place,  such  developing  cliicks  as  are 
contained  in  the  shells  which  crack  or  break,  are  almost 
certain  to  die;  and  cannot,  therefore,  acquire  any  appro- 
priately-modified constitutions:  even  supposing  any  con- 
ceivable  relation  could  be  shown,  between  the  impression 
received  and  the  change  required.  Meanwhile,  such  eggs  as 
escape  breakage,  are  not  influenced  at  all  by  the  require- 
ment ;  and  hence,  on  the  birds  developed  from  them,  there 
cannot  have  acted  any  force  tending  to  work  the  needful 
adjustment  of  functions.  In  no  way,  therefore,  can  a  direct 
equilibration  between  constitution  and  conditions  be  here 
produced.  Even  in  organs  that  can  be  modified 

by  certain  incident  forces  into  correspondence  with  such 
incident  forces,  there  are  some  re-adjustments  which  cannot 
be  efiected  by  the  direct  balancing  of  inner  and  outer  actions. 
It  is  thus  with  the  bones.  The  majority  of  the  bones  have 
to  resist  muscular  strains;  and  it  is  a  familiar  fact  that 
variations  in  the  muscular  strains,  call  forth,  by  reaction, 
variations  in  the  strengths  of  the  bones.  Here  there  is 
direct  equilibration.  But  though  the  greater  massiveness 
acquired  by  bones  subject  to  greater  strains,  may  be  ascribed 
to  a  counter-acting  force  evoked  by  a  force  brought  into 
action;  it  is  impossible  that  the  acquirement  of  greater 
lengths  by  bones  can  be  thus  accounted  for.  It  has  been 
supposed  that  the  elongation  of  the  metatarsals  in  wading 
birds,  has  resulted  firom  direct  adaptation  to  conditions  of 
life.  To  justify  this  supposition,  however,  it  must  be  shown 
that  the  mechanical  actions  and  reactions  in  the  legs  of  a 
wading  bird,  difier  from  those  in  the  legs  of  other  birds ; 
and  that  the  difierential  actions  are  equilibrated  by  the  extra 
lengths.  There  is  not  the  slightest  evidence  of  this.  The 
metatarsals  of  a  bird,  have  to  bear  no  appreciable  strains 
but  those  due  to  the  superincimibent  weight.  Standing  in 
the  water  does  not  appreciably  alter  these  strains ;  and  even 
if  it  did,  an  increase  in  the  lengths  of  these  bones  would  not 
fit  them  any  better  to  meet  the  altered  stnuns. 
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^  163.  The  conclusion  nt  wLIoh  we  arrivo  u.  then,  tint 
there  go  on  in  all  orgauiams,  oertata  clmn;^  of  function  and 
structuro  that  aro  diroctly  consequent  oa  cluuigiw  in  ths 
incidi^nt  forces — inner  changes  by  which  the  outer  citangca 
arc  balanced,  and  the  equilibrium  restored.  Such  ro-«jui- 
librations,  which  are  often  conspicuously  exhibltMl  in  in- 
dividiinU,  we  have  tcosoq  to  believe  continue  in  bucccmti 
generdtions;  until  they  arc  completed  by  tlio  urivsl  »t 
structures  titled  to  the  modified  conditions.  But,  at  Ux 
same  time,  we  see  that  the  modilicil  ciiiiditioQa  to  wluoh  or- 
guoiams  may  bo  adapted  by  dirwct  (.><)uilibrati()ii,  uro  eoo- 
ditions  of  certain  cliuaos  oidy.  That  a  ni?w  external  actinr 
may  be  mot  by  a  new  internal  action,  it  is  nccd/ul  that  i*. 
shall  either  continuously  or  frequently  Iw  borua  by  the  in- 
dividuals of  the  spocios,  without  killing  or  seriously  injoring 
them  ;  and  shall  act  in  such  way  as  to  affoct  their  fuactians. 
And  we  find  on  examination,  that  many  of  the  rnriromng 
changes  to  which  orgaiiifins  have  to  be  adjuHtvd,  aro  not  of 
these  kinds :  being  changes  which  either  do  not  iniin«ltalctly 
affect  the  functions  at  all,  or  el«e  afiect  them  in  way*  that 
prove  fulaL 

Ifiiieo  there  must  bo  at  work  aome  other  procea^  wlnDh 
cquilibmtos  the  actions  of  orgauiams  with  the  octioo*  they 
are  exposed  to.  l*lnut«  and  animals  that  continue  to  exial, 
are  necessarily  plants  and  animals  whoso  powcra  boliinoe  Uie 
powers  that  act  on  them ;  and  as  their  eiivtioniuaita 
change,  the  changes  which  plants  and  animals  imtlergo,  mnst 
nocoasorily  be  changes  towunU  a  re-establish  men  t  of  tlio 
Ltdunco.  Bolides  direct  equilibration,  there  mmit  thcnilbra 
bb  an  indirect  equilibration.  Ilow  this  goes  on  we  haro  now 
lu  Jnqoiro. 
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fS  164.  Besides  those  perturbations  produced  in  the  moviuo: 
equilibrium  of  any  organism  by  special  disturbing  forces, 
there  are  ever  going  on  many  other  perturbations — some 
which  are  the  still-reverberating  eflTects  of  disturbing  forces 
previously  experienced  by  the  individual,  and  others  which 
are  the  still-reverberating  effects  of  disturbing  forces  expe- 
rienced by  ancestral  individuals ;  and  the  multiplied  devia- 
tions of  function  so  caused,  imply  multiplied  deviations  of 
structure.  In  §  155  there  was  re-illustrated  the  truth,  set 
forth  at  length  when  treating  of  Adaptation  (§  69),  that  an 
organism  in  a  state  of  moving  equilibrium,  cannot  have 
extra  fimction  thrown  on  any  organ,  and  extra  growth  pro- 
duced in  such  organ,  without  there  being  entailed  correlative 
changes  throughout  all  other  functions,  and  eventually 
throughout  all  other  organs.  And  when  treating  of  Varia- 
tion (§  90),  we  saw  that  individuals  which  have  been  made, 
by  their  different  circumstances,  to  deviate  functionally  and 
structurally  from  the  average  type  in  different  directions, 
will  bequeath  to  their  joint  offspring,  compound  perturbations 
of  function  and  compound  deviations  of  structure,  endlessly 
varied  in  their  kinds  and  amounts.  That  is  to  say,  besides 
the  primary  perturbations  and  deviations  directly  caused  in 
organisms  by  altered  actions  in  their  environments,  there 
are  ever  being  indirectly  causedi  secondary  and  tertiary  per- 
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turbations  and  deviations,  vhich,  when  compounded 
ouotbor  from  gonoration  to  gcncrntion,  work  itmi 
Gligbt  niodifieatiuaa  in  the  moving  Gquilibm  and 
struolures  throughout  the  species. 

Kow  if  the  iudinduuls  of  a  species  are  UiBs  neoosHmlj 
mude  unlike,  in  countless  ways  and  di'givce — if  tbe  conipli- 
nated  sets  of  rhythms  which  wc  call  their  fimotiutiN,  though 
similar  in  their  general  cliaractors,  ore  dissimilar  in  their 
details — if  in  one  individual  the  amount  of  action  in  a  p«r- 
ticular  direction  is  greater  than  in  any  other  indiridual,  or  if 
liere  a  pceuliar  combination  gives  a  resulting  tarrc  which  is 
not  found  clsewhei-e  ;  then,  among  all  the  individnalA,  wjoie 
will  be  less  liable  than  others  to  hnTO  their  equib'bria  over- 
thrown by  a  particular  incident  force,  previoimty  utifxpori- 
eiiccd.  Unless  the  change  in  the  on^-ironment  is  of  ao  vio- 
lent a  kind  as  to  be  universally  fatal  to  the  spocios,  it  most 
allbct  more  or  less  differently  the  slightly  diiferent 
equilibria  which  the  members  of  the  spocics  pr 
cunnot  but  happen  that  nnnic  will  be  mora  stable  than 
when  exposed  to  this  new  or  altered  factor.  That 
it  cannot  but  happen  that  those  individuals  whoao 
are  most  ont  of  equilibrium  with  the  modified  iggregaia  rf 


rem  movum^  ■ 
prMoiit^HH 

,thMl4^^^H 


>t  equi] 
!,  will  h 


external  forcea,  wiU  be  thoseto  die ;  and  that  tho»e  will 
vive  whose  functions  happen  to  bo  moat  nearly  in  wjuilibriiini 
with  the  modified  aggregate  of  cJttgmal  fQ|pea. 

IJut  this  siirTivn_l_of  the  filtcalUiapli^-muIliplicaliBLrf. 
the  fiUeat,,  Out  of  Iho  fittest  thus  multiplied,  thiro  will,  aa 
before,  ho  an  overthrowing  of  the  moving  equilibrium  «rhcT>* 
OTiir  it  presents  the  least  opix»Bing  force  to  the  new  im-iilfnt 
force.  And  by  the  cmtinuul  dorttniction  of  the  individoala 
tliat  are  the  least  rapablo  of  maintainin;;  their  Mjuililiriu  in 
|>reaenc«  of  this  new  incident  force,  there  mnst  evenh 
arrived  at  an  altered  typo  completely  in  cquilibrii 
altered  conditions. 


1 165.  Thia  survival  of  tba  fitt4»t,  wJiich  I  ha 
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•ouglit  to  express  in  meclianical  terms,  is  that  which  Mr  Dar- 
win has  called  "natural  selection,  or  the  preservation  of 
favoured  races  in  the  struggle  for  life."  That  there  is  going 
on  a  process  of  this  kind  throughout  the  organic  world, 
Mr  Darwin's  great  work  on  the  Origin  of  Species  has  shown 
to  the  satisfaction  of  nearly  all  naturalists.  Indeed,  when 
once  enunciated,  the  truth  of  his  hypothesis  is  so  obvious  as 
scarcely  to  need  proof.  Though  evidence  may  be  required 
to  show  that  natural  selection  accounts  for  everything  ascribed 
to  it,  yet  no  evidence  is  required  to  show  that  natural  selec- 
tion has  always  been  going  on,  is  going  on  now,  and  must 
ever  continue  to  go  on.  Recognizing  this  as  an  a  priori  cer- 
tainty, let  us  contemplate  it  under  its  two  distinct  aspects. 

Thatorggnisms vijiich  live,  thereby  prove  themselves  fit  to 
live,ln  so  fiar  as  they  have  been  tried  ;  while  organisms  which 
die,  thereby  prove  themselves  in  some  respects  imfitted  for 
living ;  are  facts  no  less  manifest,  than  is  the  fact  that  tlus 
self-acting  purification  of  a  species,  must  tend  ever  to  insure 
adaptation  between  it  and  its  environment.  This  adaptation 
may  be  either  so  maintained  or  so  produced.  Doubt- 

less many, who  have  looked  at  Nature  with  philosophic  eyes, 
have  observed  that  death  of  the  worst  and  multiplication  of 
the  best,  must  residt  in  the  maintenance  of  a  constitution 
in  harmony  with  surrounding  circumstances.  That  the  aver- 
age vigour  of  any  race  would  be  diminished,  did  the  diseased 
and  feeble  habitually  survive  and  propagate ;  and  that  the 
destruction  of  such,  through  failure  to  fulfil  some  of  the  con- 
ditions to  life,  leaves  behind  tl^^se  which  are  able  to  fulfil  the 
conditions  to  life,  and  thua  kfteps  up  the  average  fitness  to 
the  conditions  of  life ;  are  almost  self-evident  truths.  But 
to  recognize  "  natural  selection  *^  as  a  means  of  preserving 
an  alf^j^v-establiali^  ][)i1mp^i>  'S^han^ixn  ^^^  powers  of  a  spe- 
cies and  the  forces  to  which  it  is  subject,  is  to  recognize  it 
only  m  its  simplest  and  most  general  mode  of  action.  It  is 
the  more  special  mode  of  action  with  which  we  are  here  con- 
cerned. This  more  special  mode  of  action,  Mr  Dar» 
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win  lias  been  tho  first  to  perceive.  To  him  wc  awe  the  dt»- 
covery  that  natural  selection  is  capable  of  pro^Hnng  fitnw 
between  orgntiisma  aiid  their  circumstaneeB  ;  otiil  he, 
tlie  merit  of  ajipreeiating  tho  iiiimeiiBely-ini[M>ilant  < 
qiiences  that  follow  from  this.  He  lias  wiirked  up  an  cnM 
mass  of  e^Hdeuco  into  nn  elabonito  ilenKmstnitiim,  I 
"  preservation  of  favoured  raeea  Jn  the  Btruf^gle  for  life,"  \m 
an  ever-aeting  cause  of  divergence  amoMft  orgauio  forms, 
lie  has  traced  out  the  involved  results  of  the  proccan  with 
marvellous  subtlety.  He  ha«  ehovn  how  hosts  of  otherwiio 
inexplicable  fuctA,  ore  fully  accounted  for  by  it.  In  brief,  k« 
has  proved  that  tho  cause  he  alleges  is  a  tmo  ca 
is  a  cause  which  we  see  habitually  in  action ;  and  1 
results  to  be  inferred  from  it,  are  in  harmony  with  t 
nomor.ii  which  the  Organic  Creation  presents,  both  asawbi 
and  in  its  details.  Let  us  glance  at  a  few  of  the  mors  bn- 
portant  inteqiretations  which  the  hj-pothosis  fumiahos. 

A  soil  possoasing  some  ingredient  in  unusttol  quantity, 
may  supply  to  a  plant  an  excess  of  the  matter  rt«]utrcd  for  a 
certuin  cluss  of  its  tissues;  and  may  cause  all  the  [lortit  fomtod 
of  such  tissues  to  bo  abnormally  devolojied.  Supponc  that 
among  thcso  are  the  hairs  clotliing  its  sur&ces.  including 
those  which  grow  on  its  seeds.  Thus  furiiislicd  with  boduv 
wliat  longer  fibres,  its  6ec<ld,  when  shod,  are  carrit'd  u  little 
i'urther  by  the  wind  before  they  full  to  the  ground.  Thti 
yoimg  plants  growing  up  from  them,  being  rather  aum 
widely  dispersed  than  tlK)8e  pnxliieed  by  other  iiiuividuaU  of 
the  same  siK-ciea,  will  Ira  leas  liable  to  smother  one  anothitr; 
niid  a  greater  numlx-r  may  thercforo  reach  maturity  and 
fructify.  Supposing  the  next  generation  subject  to  tho  smse 
puculiarity  of  nutrition,  Minte  of  Uio  seetls  borne  by  its  moci- 
bers  will  not  simply  inlierit  this  increased  development  uf 
hnint,  but  will  carry  it  furlber;  and  Iheso,  still  luora  advan- 
taged in  the  same  way  as  before,  will,  on  the  average,  hara 
■till  more  numvn>UH  ctianrc^  of  continuing  the  race.  Tliua, 
by  the  Burrival,  generation  after  generatioa,  of  those  p 
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^     ing  tliese  longer  haira,  and  tho  inheritance  of  succcBsive  iccrfr  ^^^^ 
menta  of  growth  in  tho  hairs,  there  may  result  a  »eed  dcriat- 
ing  greatly  from   the  original.     Other  incUriduaia  of  iho 
eamo  species,  subject  to  the  different  physical  conditions  of 
other  localities,  may  develop  somewhat  thicker  or  harder 
coalings  to  their  seeds :  bo  rendering  their  seeds  less  digest- 
H      ihle  hy  the  birds  that  devour  them.     Such  thicker-coated    ^h 
H     seeds,  by  escaping  undigested  more  frequently  than  thinner-  ^^^H 
B    coated  ones,  will  have  addilional  chances  of  growing  up  and  ^^H 
learing  offspring ;  and  this  process,  acting  in  a  cumulative   '^^1 
manner  through  successive  years,  will  produce  a  seed  diverg-            1 
ing  in  another  direction  from  the  ancestral  type.     Again,            J 
elsewhere,  some  modification  in  the  physiologic  actions  of  ^^^h 
the  plant,  may  lead  to  an  unusual  secretion  of  on  esneiil  to^^^H 
^         oil  in  the  seeds  ;  which  rendering  them  unpahifable  to  ereai^^^l 
'^m     tures  that  would  otherwise  feed  on  them,  may  diiniiiab  the  ^^^^ 
^B    destruction  of  the  seeds,  so  giving  an  advantage  to  the  variety            1 
^1    in  its  rale  of  multiplication ;  and  this  incidental  peculiarity             J 
^m   proving  a  preservative,  will,  as  before,  be  gradually  increased^^^l 
^H  by  natural  selection,  until  it  constitutes  another  divergoncti^^^^H 
^B  Now  in  these  and  countless  analogous  cases,  we  see  that  plant^^^^l 
^H  may  become  better  adapted,  or  re-adapted,  to  the  aggregate  ol^^^^l 
^1    surrounding  agencies,  not  through  any  direct  action  of  suoI^^^H 
^^L  sguiciee  upon  them,  but   through   their  indirect  acUuu— ^^^^H 

HtagcjMMMMMM^^^K^H 

^^^Mnmctman^^uotur^ui^^aai^^^^^^sc^^^^l 
^^    species,  serve  as  so  many  experuuents ;  the  great  majority  0^^^^| 
V    which  fail,  but  a  few  of  which  succeed.     Just  as  we  see  tha^^^H 
^t     eachplautbearsamullitudcof  seeds,  out  of  which  some  two  01 
H      three  happen  to  fulfil  all  the  conditions  required  for  reaching 
J     malimty,andeontinuingtherace;  so  we  see  that  each  species 
is  perpetually  producing  numerous  slight ly-modifiud  forms, 
deviating  in  all  directions  from  the  average,  out  of  which 
1         most  &t  the  surrounding  conditions  no  better  thun  their  pax 
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rents,  or  not  so  well,  but  some  few  of  which  Gt  the 
belter;  and  doing  so,  arc  onatlcd  the  bottor  t« 
selves,  and  to  produce  ofTspring  similarly  capable  of 
iiig  themselves.  Among  animals  the  like  pruceas  tv- 

aiilta  in  the  like  development  of  various  Btructum  whicli 
cannot  have  been  aSbvtod  by  the  performance  of  fanctjoo*  ' 
ihdr  functions  boiiig  puri'ly  pai»ivo.  The  thick  shell  nf  u 
mollusk,  is  inexplicable  as  a  reflult  of  direct  rmctiont  of  Uw> 
organism  against  the  estornal  acliona  to  which  it  U  exposed ; 
but  it  is  quite  cjcpUcable  as  a  result  of  the  aurviral,  gixavn- 
tion  afiler  gcucralion,  of  individuals  whoso  thicker  cuvenng* 
protected  them  against  enemies.  Bimilurly  with  such  a 
dennul  structure  as  I  hat  of  the  tortoise.  Though  we  bara  cn> 
dence  that  the  skin  where  it  is  continually  exposed  to  pra^ 
sure  and  friction  may  thicken,  and  so  re-establish  tho  equi- 
librium, by  opposing  a  greater  iiintT  force  \t>  a  gn-stcr  outer 
force;  yet  we  have  no  evidence  that  a  coat  of  arraour  Ulce 
tliat  of  the  tortoise  can  bo  so  produced.  Nor,  indecd.OTO  tlM 
conditions  uuder  whieU  only  its  production  in  rocfa  ■  ntu- 
nor  could  bo  accouuled  for,  fulfilled ;  siuoo  the  ttnr&ee  of  Um 
tortoise  is  not  oxponcd  to  greater  prcssura  and  ftiotioa  t^aa 
the  surfaces  of  other  creaturos.  This  masaivo  carapaco,  aikd 
tho  atrangely-adupted  osseous  friune-work  which  rapports  it, 
are  uiuiccoun table  as  results  of  evolution,  unless  through  tbk 
process  of  natural  selection.  Thus,  too,  is  it  with  the  pro- 
duction of  colours  in  birds  and  in  insects ;  tho  fonnntioa  of 
odoriferous  glands  in  mammalx ;  the  growth  of  such  cxcrws- 
cences  as  those  of  the  camel.  Thus,  in  short,  is  it  with  all 
those  organs  of  animals,  which  do  not  ploy  active  ports  in  tbe 
compound  rhjthmii  of  their  functions. 

Bci^idea  giving  us  explanations  of  Ktructural  choiaotsn 
tliut  are  otherwise  unaccountable,  Mr  Darwin  showv  bow 
natural  selection  explains  peculiar  rolatiuns  l)e1wt<en  t»di< 
Tiduals  in  certain  B|>cctcit.  Such  facts  as  the  dimorphism  at 
tlio  primroac  and  other  (lowurt,  he  provM  to  be  quite  tn  h 
mony  with  his  hypothesis,  though  stumbling-blotfa  to 
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other  Iij-potheses.  While  the  production  of  neutoK  among 
bees  and  ants,  is  inoxpUcable  as  a  result  of  direct  adflptatioa, 
Diitural  selection  afford;?  a  fcasiblG  solution  of  it.  The  Tarious 
differences  that  accompany  dilferencc  of  sex,  somctimea 
Blight,  sometimes  very  great,  are  similarly  accounted  for. 
As  before  suggested  (§  79),  natural  selection  appears  eapa-  , 
ble  of  producing  and  maintaining  the  right  proportion  otJ 
the  sexes  in  each  species ;  and  it  requirea  hut  to  contemplut« 
the  hearings  of  tho  argument,  to  see  that  the  formation  on 
different  sexes  may  itself  have  been  determined  in  the  s 
way. 

To  convey  here  an  adequate  idee  of  Mr  Dartrin's  doctrine, 
in  the  immense  range  of  its  applications,  is  of  course  impos- 
sible. The  few  iUuatralions  just  given,  seridng  but  dimly  to 
indicate  the  many  classes  of  phenomena  interpreted  by  it, 
are  set  down  simply  to  remind  the  reader  what  Mr  Darwin'a 
hypothesis  is,  and  wliat  are  the  else  insoluble  problems  which  , 
it  solves  for  us. 

%  166,  But  now,  though  it  seems  to  me  that  we  are  thna 
'supplied  with  a  key  to  phenomena  which  are  multitudinous 
and  varied  beyond  all  conception  ;  it  also  seems  to  mo  that 
there  is  a  moiety  of  the  phenomena  which  this  key  will  not 
imlock.  Mr  Darwin  himself  reoognixes  use  and  disuse  of 
parts,  as  causes  of  modifications  in  orguuisms ;  and  does  this, 
indeed,  to  a  greater  extent  than  do  some  who  accept  his 
general  conclusion.  But  I  conceive  that  he  does  not  re- 
cognize them  to  a  sufficient  extent.  While  he  conclusively 
shows  that  the  inheritance  of  changes  of  structure,  caused  by 
changes  of  function,  is  utterly  insufficient  to  explain  a  groat 
mass— probably  the  greater  muss — of  morphological  pheno* 
nena :  I  think  he  leaves  unconsidered  a  mass  of  morphological 
phenomena  that  are  explicable  as  results  of  funclionally- 
acquired  modifications,  transmitted  and  increased,  and  which 
are  not  explicable  as  reeolls  uf  natural  srlettion. 

Jty  induction,  as  well  as  by  inference  from  the  h}'poUienB 


y 

it 
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of  natural  selection,  we  know  that  there 
among  the  powers  of  organs  which  habitually  act  togntbtv^ 
such  proportions  amgng  them,  thiit  uo  one  has  any  cocuddia^ 
able  excess  of  efGciency.  Wo  soe,  for  example,  thitt  throogh- 
out  the  vascular  syeteui,  there  is  juoinlaincd  an  equiUbrii 
between  the  powers,  that  is,  the  dovuIopmenU,  of  the  oo 
ponent  parts :  in  some  cases,  under  excessive  exertiuD,  tli« 
heart  gives  way,  and  we  have  enlargement ;  in  other 
the  large  arteries  give  way,  aud  we  have  aneurisms ;  in  oUur 
cases  the  miuute  blood-vessels  give  way — now  humling, 
becoming  clironicolly  congeste<h  That  is  to  tny,  iu  tlui 
average  constitution,  uo  superHuous  strength  is  [ 
by  any  of  the  appliances  I'ur  circulatiug  the  blood.  Tafci^ 
again,  a  set  of  motor  orguus.  Great  atraixi  here  caiuos  tlM 
libres  of  a  muscle  to  timr.  'i'bere  the  muscle  does  not  jidd 
but  the  tendon  6nap«.  Elsewhere  neither  niuwclv  nor 
is  damaged,  but  the  bono  breaks.  Joining  witli  tJie*u 
the  geuei-al  lact,  tliat  under  the  same  adverse  conditina^ 
diltercnt  individuals  sliow  their  alight  differcucea  uf  oonsU- 
tution  by  going  wrong  some  in  one  way  and  some  in  u- 
other ;  and  that  evon  iu  the  sumc  individual,  uniilor  advene 
conditions  will  now  affect  one  viwus  itnd  now  another ;  it 
becomes  manifest  Uiat  though  there  cniiuot  be  nuuQlaiaMl 
an  accurate  or  absolute  balance  among  tho  powers  of  Uw 
organs  composing  an  organism,  yet  the  excesses  aad  d»- 
ticiencies  of  power  are  oxtrcinely  slight.  That  thoy  moxt  ba 
oxtreinely  slight,  is,  as  befure  saiil,  n  dedudiua  Cnax  tJw 
hypothesis  of  natural  selection.  Mr  Darwin  himwlf 
"  that  natural  aelcction  is  continuolly  trying  to 

every  part  of  the  orguuization.   If  

of  life  a  structuro  befor<j  untfiil  h'-'Tii—  I'sm  BWfii^  MfT 
"Hmuhution.TKiwLvcr  slight,  in  iu  dwuloiiment,  will  bo  Maaad 
on  by  liutural  w,k-clion,  foM^  will  pro  tit  thn  indirnjnfj  ijgt 
to  have  ils  nutriment  wanloil  in  building  up  an  naciBW  rtme* 

turc."       In  Othgr  WiinU,  il'uny  tmi«f1n  hm   jijiinr.^   fttf*!  ^T" 

"cm  Iw  ulilJM.'dj^  or  if  a  bone  Iw  stronger  than  nocdfol,  no  m^ 
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TRptage  results,  hut  rat.hor  »  .lianilrintngr     r>  ili'inilvnTiffffWi 
,   wniiin  will  decrease  the  chances  of  suri-ivij.  Heno^ 

B-Jt  becomeg  a  coroUary.  that  among  any  organa  which  habit- 
uoUy  act  in  concert,  an  tncreaee  of  one  can  be  of  no  Bcrvice 
imleBS  there  ia  a  concomitant  increaae  of  the  rest.  The  co 
operatiYg  parta  must  vary  together :  otherwiBe  Tariation  will 
pedetrS^pntal.  A  gtronger  muscle  must  have  a  stronger  bone 
to  resist  its  contractiona;  must  Lave  alronger  correlated  mus- 
cles and  ligaments  to  secure  the  neighbouring  artic>9»tiona ; 
must  have  larger  hlood-vesaclB  to  biding  it  supplies;  must 
have  a  more  massive  nerve  to  bring  it  stimulus,  anil  some 
extra  development  of  a  nervous  centre  to  supply  this  extra 
stimulus.  The  question  arises,  then, — does  spontaceoue 
Tttriation  occur  simultaneously  in  all  these  co-operative 
parts  Y  -Uave  we  any  reason  to  think  that  they  Bpontaneously 
increase  or  decreaay  tog-pflmr  ?  The  ftsauinption  that  they 
do,  seeiriH  to  TTiB  tn)|^ahlfl  ;  nnil  ifai  UT^tpn:^^^^i^y  will,  T  tfiinlc. 
become  conapicuouB  if  we  take  a  case,  and  observe  how  ex- 
tremely nuroerous  and  involved  are  the  YarialiopB  which 


inuHt  be  Buppna^-d  to  rwi-  f/.yAt.>.p7  In  illustratiou 

of  another  point,  we  have  already  considered  the  modifica- 
tion required  to  accompany  increased  weight  of  the  head. 
Instead  of  the  bison,  however,  the  moose  deer,  or  the  extini 
Irish  elk,  will  here  beat  servo  our  purpose.  In  this  spocii 
the  male  has  enormously -de  vol  oped  horns,  which  aro  used  for 
purposes  of  offence  and  defence.  These  homa,  weighing  up- 
wards of  a  hundred-weight,  are  carried  at  great  mechanical 
disadvantage — supported  as  they  are  along  with  the  massive 
akiill  which  bears  them,  at  the  extremity  of  ihe  outstretched 
np\?k.  Further,  that  these  heavy  hoi-ns  may  be  of  use  in 
fighting,  the  supporting  bones  and  muscles  must  be  strong 
enough,  not  simply  to  carry  them,  hot  to  put  them  lU 
motion  with  the  rapidity  requirerl  for  giving  blows.  Let  UM, 
then,  ask  how,  by  natural  selection,  this  complex  apparatus 
of  bones  and  muttcles  can  have  been  developed,  pari  pi7SKu 
with  the  horns  P   If  we  suppose  the  homa  to  have  originally 
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been  of  like  size  with  those  borne  by  other  kuida 
and  if  n-e  euppoGe  that  in  certain  indiTidua]*,  they 
hirgcr  by  spontaiieoua  Toriation ;  what  would  be  tbA 
coioitant  chungcs  required  to  render  their  greater  size  ux 
Other  things  equal,  the  blow  given  by  a  larger  bom  m 
be  a  blow  given  by  a  heavier  mass  moving  ai  a 
velocity  :  the  momentum  would  be  the  same  as  bcfci 
the  area  of  contact  with  the  body  struck  being 
increased,  while  the  velocity  was  decrciwt-d,  the  injury 
would  be  less.  That  the  horns  may  become  Iwtter 
tho  whole  apparatus  which  moves  thutn  must  be  so  ttnmglk' 
ened  as  to  imprtrss  more  force  on  them,  and  to  bear  the 
violent  reactions  of  tho  blows  given.  The  bones  of  the  aksll 
on  which  the  haras  are  seated  must  be  thickened ;  otlicrrwtM 
they  will  break.  To  render  the  thickening  of  ihwo 
advantageous,  the  vertcbrce  of  the  netk  must  be  further 
velopod ;  and  without  the  ligamcntH  that  bold  toguthcr  thuH 
vertebnc,  and  t  ho  mueclee  which  move  them,  are  ubiovniargod, 
nothing  will  be  gained.  Such  luodiiications  of  the  neck  will 
bo  useless,  or  rather  will  be  detrimental,  if  its  fulcnun  be  nui 
madi^  capable  of  resisting  intcnser  strains :  the  upper  doml 
vcrtcbroi  and  their  spines  must  be  strengtheaed,  that  tbi^ 
may  withstand  the  more  violent  contractions  of  tho  DecJt- 
muscles ;  and  like  changes  must  be  made  on  the  Kap4ilar 
arch.  Still  more  must  tlierc  be  required  a  simultsneotu  de- 
velopment of  the  bones  and  muscles  of  the  fore-Wiga 
each  of  these  extra  growths  in  the  horns,  in  tho  akuU,  in  tbft 
neck,  iu  tho  shoulders,  adds  to  the  burden  which  tho  fiirM- 
Icga  have  to  bear ;  unless  this  deer  with  ita  beavior  homa, 
head,  neck,  and  shoulders,  hod  stronger  fore-legs,  it  wuaU 
not  only  sulfer  from  loss  iif  speed  but  would  even  foil  in  GghL 
Hence,  to  make  lai'gor  horns  of  use,  additional  simm  most  bo 
ncqiured  by  numerous  bones,  muscles,  and  ligaments,  aa  wU. 
as  by  thu  lilood-vcMols  and  ncrve«  on  which  their  action* 
di.'pcnd.  On  calling  to  mind  how  tho  sprainuig  of  a  aiogW 
■mall  uiuBole  in  the  foot,  incapacitat4M  for  walking,  or  bow  « 
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pi'mianeiit  weakness  in  one  of  its  Ugamenta  will  f 
diminiah  the  power  of  a  limb,  it  will  be  seen  tlvat  unleae  all 
those  many  ehangea  are  sinnJlancouslj  made,  they  may  as 
well  be  pone  of'  them  made — or  nifher,  ttie; 


e  oiiJarspmeulB  of  some  partg. 
eoiint'ctod  partJ*.  ffojiltLrcadsr 
ely  weaker  if  they  remained  imeplartrei:!.     Thu%  ^ 


none  of  them  mnde  ;  eince, 
by  putting  greuter  strains  t 
lliem  rohi'"  --' 


then,  to  ac<.'0uut  by  the  hypothesis  of  natural  aelectioo,  fur  8U( 
a  stnicture  aa  that  of  the  moose  deer,  or  the  extinct  Irish 
we  muBt  mippoBfl  a  qpQntjmwuiii  i-n^Tf^an  in  l.bn  mgft  f>f 
boma,  to  be  aocompgDied^  h^  a  gpontaneoua  increaae  in 
oTThcae  nomerouB  bonea  and  mugdea  and  lig 
and  indirectly  implie-at-ed  in  the  use  of  uie! 
•^Qrauy  "pri^prTpf  j  fTn  tTiTM  ?  XlffiSEi^^^  ^  would  bo  a 
Btrnng  supposition  that  the  vertebrtE  and  muscles  of  the  neck, 
8poijluiie)Uiily  enlargel  at  the  same  time  as  the  homa.  It 
would  bo  a  still  stronger  supposition  that  the  upper  dorsal 
T0Pt«bra>  not  only  at  the  Bome  time  spontaneously  became 
more  mnssive,  but  also  spontaneously  altered  their  pro- 
portions in  appropriate  way;*,  by  the  development  of  their 
immenae  neural  spines.  And  it  would  be  an  assumption 
etill  more  straining  our  powers  of  belief,  that  along  with 
heavier  horns  there  slioiild  spontaneously  take  place  the  ro- 
quired  strengt.heninga  of  the  scapular  arcli  and  the  fore-Iega. 
Besides  the  multi|)lication  of  directly- cooporative  organi 
the  multiplication  of  organs  that  do  not  cooperate,  eave  i 
the  degree  implied  by  their  combination  in  tho  same  orgatu 
iam,  seems  lo  me  a  further  hindrance  to  the  development  q 
special  structures  by  natural  selection  alone.  Where  the 
is  eompara ti vdj^^mple,  or-whcre  surrounding  circumstance 
render  some  one  function  supremely  important,  the  suitIvi 
of  the  Sliest  may  readily  bring  about  the  appropriate  struai 
tural  change,  without  any  aid  Ixom  the  transmission  of  fun 
tionally-ttcq  uired  mollifications.  But  in  pwport.rt>B-(»-rt 
ljlVi_j^_rown_j:rinir1rt  lin  prnpnri'nn  as  a  healthy  i 
cannot  be  aecured  ^j  "  larjrp  «[nlfiwment  ol'  iiome  one  pow^ 
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^ut  dcmanda  many  powcra ;  in  the  same  proportion  i 


arieo  obatacJes  to  the  incroaae  of  any  pPrticiil«iM  _ 

"the  preBcrration  of  lavourcd    rasm  in    tbf  ati^yyia  i 
life."     As  fti3t  as  tho  facultioa  aro  multiplied,  »o  fart  <lcie«  it 
become  poasible  IVir  the  ecvornl  membera  of  a  gpecioa  to  hav* 
YBriQUa  Itinda  of  superiorities  over  one  anothgr.     "Wlulii  oom 
Bavee  its  life  by  higher  apecd,  ajtotbcr  dooa  the  liko  by  clfw 


TiBioii.  another 


m 


r  scent,  another  by  quicker  hearing. 


another  by  greater  strcnplh,  aiiolher  by  iinuaual  powyr  «f 
enduring  col3  or  hungf  r,  nnutlior  by  apccial  siigacity,  anolhef 
by  special  timltlily,  another  by  special  courage;  and  others  uy 
other  bodily  and  mental  atlribulea.  Now  it  is  unqoestipnuMj 
true  that,  other  things  equal,  coi-h  of  theao  attribtrti 


I 

I 


its  possessor  an  extra  chance  of  life,  ia  likely  to  bo 
to  posterity.  But  there  aeems  no  reaaon  to  supposo  that  it  will 
bo  increased  in  aubacquent  Rencrationa  by  natural  aelectioa- 
¥hat  it  may  be  thus  increase<l,  tho  indi^-iduola  not  poaMW- 
iiig'  more  than  average  endowments  of  it,  mu&t  bo  mon  tn- 
quontly  killed  off  than  indiyiduala  highly  endowed  With  it ; 
and  thia  can  happen  only  when  the  attribute  ia  one  of  graaler 
importance,  for  the  time  being,  than  most  of  the  otbcr  atui* 
butcs.  If  thoao  membetv  of  the  spei'ies  wbicb  havs  bat 
ordinary  shares  of  if,  nevertheless  aurvivo  by  iTrtue  of  Other 
Buperiorilies  which  they  aeverally  possess ;  th«n  it  isDot  nwy 
to  aee  how  this  particular  attribute  can  be  devcloptid  by 
natural  selection  in  subsequent  generations.  The  probalaliljr 
Boetns  nitber  to  bo,  that  by  gamogcnosis,  tliia  extr«  vndov- 
ment  will,  on  the  avcragi-,  Iw  dimininhoil  in  posterity — jurt 
BTviiig  in  the  Ii-ng  run  to  compenaat*  flio  deficient  codnw- 
mtntU  of  other  indiriduala,  whoso  special  powers  lie  iu  olh«r 
directions ;  and  so  to  keep  up  llie  noruinl  slrudurD  of  th« 
spenies.  The  n-ork:ii[f  "ut  of  tlie  process  is  here  Bome«hat 
diSicult  to  follow;  but  il  ajpnirH  lo  me  that  as  fa«t  as  tho 
number  of  bodily  ujid  mental  facullira  increases,  nn  J  aa  fart  a< 
the  mainfenanc*  of  Tile  comes  to  depend  less  on  the  amount 
of~Hnv  one,  and  more  on  the  combinod  action  of 
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1  bat  does  the  production   of   gpc'^'i'l it'PH  nf  rhnTn^\oT  hy 
I  natural  solectioa  aloDe,  become  difEcult.     I'arlicularly  doea 


iBultituduio 


I 
I 


I  thia  acem  to  be  bo  with  a  i 
powers  a«  mankind ;  and  alJove  all  docs  it  socm  to  be 
eo  ffith  Buctt  of  the  human  powers  as  liavo  but  minor  shares 
in  aiding  the  atniggle  for  Ui'o — the  testhotic  I'adulripa,  frir 
example. 

It  by  no  meaas  foUows,  however,  that  In  casca  of  this  kind,  .f 
and  casea  of  the  preceding  kind,  natura!  selection  phiys  no  I 
part.  ^VhereTe^  it  is  not  the  chief  a;;tnt  Ja  working  or^^anio  i 
changca,  it  ia  etill,  very  generally,  a  secondary  agent.     The  j 


sumval  01  the  titteat  must  nearly  always  fiirthi 


>rodu< 


tion  ol  moditicationa  wKich  produce  fitueas ;  whether  tbcy  b»  J 
roodificationa  that  have  ariaen  incidentally,  or  modilicatioiu'^ 
tEgt  have  been  caused  by  direct  adaptjition.    Evidenlly,  ttoi 
individuals  whose  constitutions  or  CLrcamstancea  havo  faeillJ 
tilted  the  production  in  them  of  any  structural  change  con-J 
sequent  on  any  functionaT'Sbangc  demanded  by  soi 
external  condition,  will  be  the  individuals  most  likely  to  liv 
and  to  leave  descendants.   Th ere  must  be  a  natural  eelectioi^ 
of  functionally-acquired  peculiarities,  as  well  as  of  incidents 
pcculiarilies ;  and  hence  such  structural  changes  in  a  species 
as  result  from  changes  of  habit  necessitated  by  changed  cir- 
cuinstonces,  natural  selection  will  reudur  more  rapid  than 
tlicy  would  otherwise  be. 

There  are,  however,  some  modifications  in  the  sizes  i 
forma  of  parts,  which  caoiiot  have  been  aided  by  natui 
pelei^n;  but  whicli  must^avo  resulted  vlioUy  from  the 
iuheritancu  of  function  ally-prod  need  alterations.  The  dwind- 
iirg  away  of  organs  of  which  ihe  undue  sizes  entail  no 
appreciable  evils,  furnishes  the  best  eividence  of  this.  Take, 
for  an  example,  that  diminution  of  iho  jawa  and  teeth  which 
characterizes  the  civiliise<l  races,  as  contrasted  witli  ths 
savage  races.*     How  can  the  civilized  races  have  bei.>n  bene- 

■  I  aiu  iodcbted  ta  Mr  Fl»«cr  for  tba  opportuaitf  at  iiacpining  tbo  coUection 
■f  akuUiialha  HuMum  of  thu  College  or.^ui^voiwfur  TBri£e«tiaa  of  lUi,    V^- 
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Gted  in  the  struggle  for  life,  by  the  alight  di 
dicse  comparatively- small  bones  P  No  fnnctiuiwl  anpcnurilj 
possessed  by  a  small  jaw  over  a  large  jaw,  iu  civiljzod  life, 
can  be  named  as  having  caused  the  more  froqucot  BorriTxI 
of  emall-jawod  individuals.  The  only  advintaj^  irlikli 
emallneaa  of  jaw  might  be  supposed  to  give,  is  the  adnnta^ 
of  H^onomized  nutrition ;  and  tliia  could  not  be  greet  tnumgb 
to  further  the  presorvation  of  men  possessing  it.  Jlw  d^ 
crease  of  weight  in  the  jaw  and  co-0[>erative  purtx,  tb** 
arisen  in  the  course  of  many  thousands  of  ytnn,  does 
amount  to  more  than  a  few  ounces.  ThU  decrva«e  ha*  to  ba 
divided  among  the  many  generations  that  have  lired 
dit-d  iu  the  interval.  Let  us  admit  that  the  weigbt  of  I 
parts  diminished  to  the  extent  of  an  ounce  in  a  aiagltt  g« 
utiou  (which  is  a  large  admission) ;  it  still  canuot  lie. 
tended  that  the  having  to  can-y  on  ouuco  Ioeb  in  vcigltt,  or 
the  ha\-ing  to  keep  in  repair  an  ounce  lea»  of 
sensibly  aifeet  any  man's  fate.  And  if  it  never  did  t^»— 
nay,  if  it  did  not  cause  ajie^ufnt  aurvivol  of  gmoll-jawed  bt- 
dividuuls  whore  large-jawed  individuals  died ;  ontural 
lould  ""^ 


tion  c 


cither  e. 


furlnnilcl;  thu  BlHcnci^.  in  nioil  caiu,  of  unlit  or  mm;  bulk,  pmiBtrf  ■ 
fiam  arriving  it  lliil  (pi'iiilir  nvull  wliicli  wnoli]  hit*  lw*ii  p'«n  bf  « 
number  a(  the  nndn  ji«>  in  locti  nic*.    SitDpln  iuil>f<tiwa 
■  DnffldDnllf'Coiupicuoiu  difffrinni.  Tho  m\iat  jiwi « 

Hhva  plncvduJa  bjiriJri  wiib  tliiiw  of  £iiglulimRi.  wm  ruiblf  Urpr,  MtM 
nilitixilf  bul  abtolulvlf.  Uni  Aiutnliu  jiw  anljr,  did  1  oWnr,  diat  wu  »ka 
lit  ihii  Miua  actual  iud  u  an  an'tagg  £nglub  jaw  j  aod  tbi*  ({irobablf  tW  J««  «| 
a  miniBo]  litliingiDg  aa  it  did  to  u  mocli  nualler  akiiU,  boro  a  njuli  giattMi  tu 
In  iha  wliolo  hudf  at  if  bich  it  lorined  put.  tbin  did  aa  Fji^ltek  Jan  of  tlw  <^ 
aatui  OM.  In  all  Ibo  otbcr  caw*,  ibe  unilar  jiioa  uF  iliow  iurfrior  lAcaa  («■ 
ttinJu);  \»tf'ii  tfictb  iban  aar  ovu)  wsni  aiKlniiiy  mora  BiaatiM  Uiaa  ow  aiw» 
utlKU  iMVi«dia([  Ibcm  in  hU  dimviuiuut ;  nad  rtlilinlf  Ui  tba  uunllrr  akriala 
ct  lIiui:  iafcriur  rai^a,  tbei  mm  ivrv  niucb  rnum  idmiLis.  1ft  me  aiU  that  11 
Auatialuin  and  ^tgn  jawt  an  that  tlroRf^liT  ciiaLrutdl,  not  iiitli  nil  Rritiik  Js* 
biitiTnlj  oiUilhaJioi'irtbadiilinid  Ilritl>li.  An  andcnt  Britiah  iknll  ia  Iki 
oiUaotiuD,  [II  imia  a  jaw  almoal  or  quits  at  niuaiiTa  (a  thoao  of  Uia  Ana 
•knlli.  And  Ihi*  u  in  hannonj  witL  Iha  illr^il  (niallon  iwtnern  {i 
jioi  and  gnatn  aclioD  at, an,  iaTol*«4bjr  tba  habita  otuTa|«a. 
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itu  appeadxtges.  Here,  tlierofore,  the  decreaecd  actioa  of-' 
tlieeo  ports  which  has  accompanied  the  growth  of  civilized 
habitfl  {the  use  of  tools  aud  the  disuse  of  coarse  food),  must 
have  been  the  sole  cause  at  work.  During  civilization  this 
decrease  ^f  function  has  affected,  more  or  less,  all  indi^-iduals. 
Through  direct  equilibration,  diminished  external  stresa  on 
ihcHC  parts,  has  resulted  in  diminution  of  the  internal  forces 
by  which  this  stress  is  met.  From  generation  to  generation, 
this  lessening  of  the  parts  consequent  on  functional  decline 
has  been  inherited.  And  since  the  survival  of  individuals 
must  always  have  been  dclonuined  by  more  important  struc- 
tural troittf,  this  trait  can  have  neither  been  facilitated  nor 
retarded  by  natural  selection. 

S  167.  Returning  from  these  eatensivo  classes  of  facts  fori 
which  Mr  Darwin's  hj'pothesis  does  not  account,  to  the  still 
more  extensive  classes  of  facts  for  which  it  docs  account,  and 
which  are  imaccountable  on  any  other  hypothesis;    let  us 
consider  in  what  way  this  hypothesis  is  expressible  in  termsv 
of  the  general  doctrine  of  evolution.    Already  it  has  b 
pointed  out  that  the  evolving  of  modified  types  by  "  natiu 
selection  or  the  preservation  of  favoured  races  in  the  strugd 
for  life,"  must  be  a  process  of  equilibration,  since  it  rcsidWl 
in_thc^ prgdiiciiaiLiif_ot|piiii ems  that  arc  in  equiUbrfuni  with  I 
their  environments ;  and  at  the  outBet  of  tlJs  chapter,  some** 
thing  was  done  towards  showing  how  this  continual  snrvivf"' 
ofTIie  fittest,  may  be  understood  as  the  progreflsiMe  efltflb*! 
lishinent  of  a  balance  between  mncr^and  outer  forces.   Here, 
"Tiowever,  we  must  consider  the  matter  more  closely.     It  re- 
mains to  be  shown  that  this  process  conforms  to  the  snmo 
general  mechanical  principles  as  do  all  otlier  equilibrations,    i 

On  prerious  occasions  we  have  contemplated  the  assemM 
blagu  of  individuals  composing  a  species,  as  an  aggregate 
a    state   of  moving   oi]uilibrium.     AVc   have  seen  that  ! 
powers  of  multiplication  give  it  an  expansive  force  which  ii 
batagoniicd  by  other  forces ;  and  that  through  the  rhyl 
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micfll  Toriations  in  these  two  sets  of  forces,  there  is  mat 
tnincd  an  oBciUating  limit  to  its  habitat,  aad  an  o«cillati]i| 
limit  to  its  numbers.  Oa  another  occasion  (§  06}  it  wa 
shown  that  the  aggregate  of  indiridttala  conetitotiag  i 
species,  has  a  kind  ol  general  life,  which.  "  like  tbo  lify^ 


u(liv;dual,  la  maintained  by  the  Tmegual  and  eTer-\-mrYiD|i 
aclKina  of  incident  forces  on  ita  different  parta."  We 
that  "just  as,  in  each  organiam,  incident  forces  amstonliy 
produce  divergences  from  the  mean  slate  in  various  dine- 
tiona,  which  aro  constantly  balanced  by  opposite  divcrgcnew 
indirectly  produced  by  other  incident  forces  ;  and  joat  as  t 
combination  of  rhythmical  I'unctiuus  thus  maiutiuRcd,  co 
stitutes  the  life  of  the  organism ;  so,  in  a  speciea,  then 
through  gamogeoesie  a  perpetual  neulralisiulion  of  tlioos  co 
trary  deviations  from  the  mean  state,  which  sm  caoaed  ini 
diHirent  parts  by  different  sets  of  incidtmt  forces  ;  >nd  ft 
fiiiTiilarly  by  the  rhythmiczil  production  and  conpetrntaao 
these  contrary  deviations,  that  the  speciea  contioues  to  lit*.* 
Hence,  to  understand  the  way  in  wbicli  a  speciea  ia  alTectad  bjr 
causes  which  destroy  some  oi  ila  units  and  farour  tlie 
plication  of  others,  we  must  consider  it  as  a  vhulc  whoMO 
are  held  together  by  complex  forces  that  are  over 
themselves  ana  ever  being  diafurEe? — a  whole  wbi 
equilibrium  is  conluiually  Being  modi  tied,  uid  i£rouh 
which  waves  of  pert urUif Tori ~iire  ceutinually  being  pn»< 
pneatcd,  Thiia  much  pr«'misc(I^  Tet  us  next  ciul  U 

mind  in  what  way  Dioving  equilibria  in  general  ar«  chan^ied. 
In  the  first  place,  the  necessary  effec-t  wrought  by  a  new  in- 
cident force  falling  on  any  \)art  of  an  aggregnte  with  boloaoeid 
moiions,  is  to  produce  a  new  motion  in  the  direction  of 
reaistance.  Iii  the  second  place,  the  new  iQcidi.^t  fbroe 
gradually  used  up  in  overcoming  ilio  opjxwing  furcv*,  m 
when  it  is  all  expended  the  opposing  fi.rw«  |>rtidiiic«  a 
—a  revenw  deviation  that  counter- baluncea  the  originiil 
viulion.  Ckmsi'quentty,  to  coiiMrhT  whether  the  moving  equi< 
librium  of  n  «iiociiss  is  moditiud  in  the  same  way  as 
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equilibria  in  general,  is  to  consider  whether,  when  eiposwl  t« 
B  new  force,  u  qKJciea  yields  in  the  direction  of  leoat  resist- 
ance ;  and  whether,  by  its  thus  yielding,  there  is  generated 
in  the  specios  a  compensating  change  in  the  opposite  diret^- 
tion.     We  sliall  find  that  it  does  both  these  thin; 

For  what,  espreased  in  mechanical  terms,  is  the  effe 
wrought  on  a  species  by  some  previously- unknown  cnemy^, 
that  kills  such  of  its  members  as  fail  in  defending  them- 
■elves  ?  The  disappearance  of  those  individuals  which  meet 
the  destroying  forces  by  the  smallest  defensive  forces,  is  tan- 
tamount to  the  yielding  of  the  species  as  a  wLolo  at 
places  where  the  resistances  are  the  least.  Or  if  by  soi 
general  influence,  such  as  alteration  of  climate,  the  membei 
of  a  species  are  subject  to  any  increase  of  certain  extemul 
actions  that  are  ever  tending  to  overthrow  their  equilibria, 
and  which  thoy  are  ever  covmter-bolancing  by  the  absorp- 
tion of  nutriment,  which  arc  the  first  to  die  t*  Tbo^-j^  that 
are  least  able  to  generate  the  internal  actions  whieh  nntapon- 


'"9 

ny,^^ 

;m- 

leet  J 

dM 


these  extremal  actions.     If  the  change  be  an  increase  of ■ 
the  winter's  cold,  then  such  members  of  the  ajwcies  as  liav* 
anu8u:J  powers  of  getting  food  or  of  digesting  food,  or  si 
OS  are  by  their  constitutional  aptitude  for  making  fat,  f 
nishcd  with  reserve  stores  of  force,   available  in   times  < 
scarcity,  or  such  as  have  the  thickest  coats  and  eo  lose  lea 
heat  by  radiation,  survive ;  and  their  survival  implies  t]t>1 
in  each  of  them  the  moving  equilibrium  of  functions  pres^ttofl 
sroh  an  adjustment  of  internal  force^  aa  prgyentfl  its  oyfi' 


throw  by  tijs  irL"^'^M  rggregate  of  external  forces.     Oon> 
Tersely,  the  members  that  die,  are,  other  things  equal,  thoi 
deficient  in  the  power  of  meeting  the  new  aclion  by  an  ei 
»alent   counter-action.      Thus,  in  all  cases,  a  symcies  ( 
nderod  as  an  aggregate  in  a  state  of  moving  oijuilibrim 
has    ita   state  changt?d   by    the  jnelding  of  its   fluctuatina^ 
mass  wherever  this  mass  is  weakest  in  the  relation  to  thu 
special  forces  acting  on  it.     The  conclusion   is,    indeed,    a 
tnusm.  But  now,  what  must  follow  from  the  d»- 
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atmctioD  of  the  leost-reiustinf;  iiidiriduaU  and  surrivBl 
the  laost-rcsistiug  iiidividtmls  ?  Oit  tlie  moviug  cquilibni 
of  ihe  Bpet.'iL's  aB  a  whole,  existing  iroiu  genorftCioa  Ui 
iilion,  tho  cfibvt  of  this  iicA*iiitiou  from  the  mean  state  is  to 
produce  a  cumpunsuting  deviation.  For  if  all  such  u  nn  d^ 
litieiit  of  power  in  a  cerlitin  dirootion  arc  destroyed,  what 
must  bo  iho  iufluenco  on  poaterity?  Ilnd  tlioM)  which 
destroyed  lived  and  Icil  oilspring,  the  next  gcocralion  wooU 
have  hod  the  some  average  huhtnco  of  powun  OB  prooediaf 
gL'iicrutions ;  there  would  have  boea  a  like  proportion  of 
dividuulH  loss  endowed  with  this  power,  and  iudividuolt  mbia 
endow  cd  with  this  power.  But  the  moro-vuduwod  individual* 
bf  ing  ulonc  left  tu  continue  tlio  race,  there  tnu«l  rusult  m 
gencratiun  eharaetomed  by  a  larger  average  eudowtounv  of 
this  power.  That  is  to  say,  on  the  mov-ing  equilili 
sUtuted  by  a  species,  on  acliun  producing  change  in  a  gin* 
direction,  is  followed,  in  the  jaoxt  geiiorutioi),  hy  n 
produeiug  au  ojipoHitu  change.  Obaerve,  luu,  tlutt  tbeiB 
elTccte  correspond  in  (lieir  degrees  of  violenca  If  tho  a 
tion  of  eoiuo  exlemal  factor  ia  ao  great  that  it  Icarca 
only  a  few  indinduuts,  charaelcriEed  by  extreme  endowaaefito 
of  tlie  power  rc<^uired  to  antagonize  it ;  then,  in  nucceediny 
generations,  there  is  a  rapid  multiplication  of  indiridaus 
similarly  characterized  by  extreme  ondowmontsof  thi« 
—tho  force  iniprcescd  calls  out  an  equivalent  conflktin|| 
force.  MtfrtflY<:r«  111*}  cllfl"g''  '"  tpmpnrary  wlirrr  tho_ 
is  temporary,  and  pt-rmanont  where  ibe  c!ivi-i  :  . 
All  lliiil  are  deficient  in  ihe  needful  ntlribm 
killed  ..a";  and  fhe "siTi^iVors  T.iu 'li, ^^IVT^ <1 : 
B  comparatively  high  dtgiii' :  ..j 

not  ollly60ine]iosses«ing  ii  ■ :  ululc  Jujll 

tbenim-'lves,  but  uUi  s»m.   ]«■  i...-^  -.j^jt.     li 

tlic  ngi-nry  which  proves  tiU.A  U<  llnni  hjia  imt  c^hiUdum: 
aelion,  MUeh  less-endowed  individuals  will  multiply ;  Mid 
B]icciee,  after  sundry'  ost  ill  it  I  ions,  will  return  to  its 
nuian  stat«.   But  if  this  agency  ho  a  pcrustvnt  onc^ 
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endowed  individuulB  will  be  conlinually  lulled  off; 
evoatimlly  nono  but  the  bigbly-endowed  mdlviduola  will  b 
produced — a  new  moving  equilibriutu,  adajjted  to  the  neaf 
cnviroaing  conditions,  will  ri'sult. 

It  may  bo  objected  that  thia  mode  of  expressing  the  fuct^ 
does  uot  include  the  numerous  ca^es  in  which  a  spcciuB  b 
comos  modified  in  relation  to  sui-i'oundiiig  agencies   tbukl 
do  uot  actively  infiuencc  it — coses  liku  that  of  the  plant 
which  acquires  booked  seed-vessels,  by  which  it  lays  hold  of 
the  skinB  of  passing  auimaU,  and  makt^s  them  the  di»lribiitoi^_ 
of  its  seeds — coses  in  which  the  oulc-r  agency  iius  no 
tendency  at  lirat  to  utlect  the  species,  but  in  which  the  specie] 
BO  altera  itself  as  to  take  advantage  of  the  outer  agency^ 


To  cases  of  this  kind,  bowevor,  the  same  mode  of  inter 
pretation  applies  on  eiinply  changing  the  terms.  While,  ii 
the  aggregate  of  influences  amid  which  a  species  exists,  there 
are  some  which  teud  to  overthrow  the  moving  equilibria  ut 
its  members,  there  are  others  wliich  facilitate  the  maintenance 
of  their  moving  equilibria,  and  some  which  are  capable 
giving  their  moi'ing  equilibria  increased  stability ;  instano^ 
the  spread  into  their  habitat  of  some  new  kind  of  prey,  whio| 
is  abundant  at  seasons  when  other  prey  is  sfarie.  Now  v 
is  the  process  by  which  the  moving  e^uilibriiuD.  in  ; 
species,  becomes  adapted  to  some  additimal  extcrnal_f 
wTijc^  fiprtjifj^fl  it*  innintcnance  f  Instead  of  a 
rGststance  to  be  met  and  counter-balanced,  there  is  bei 
diminished  resistance;  and  the  diminished  resistance  i 
equilibrated  in  the  same  way  as  the  increased  resistance. 
/ill  the  one  case,  there  is  a  more  frequent  surtivul  of  thw. 
1  dividuals  whose  peculiarities  of  constitution  enable  them  b 
\to  resist  tfte  new  adverao  fnfllW]  80,  iB  tllfl  6thOT7 
/  JB  a  mora  frequent  aurviTol  of  individuala  whose  p 
I  of  coiigtitution  enabla  tliem  to  take  advantage  t 
•_  I  fo-flucible  factor.  In  eocb  member  of  the  species,  the  1 

of  fuDctious  and  correlated  arrangement  of  structures,  dilTcr 
iJightly  from  those  existing  in  other  members.     To  say  thai 


among  all  its  members,  one  is  bettor  adapted  tlinn  the  nat 
take  advuDtuge  of  eomo  before-unusod  a^uoy  iu  tin 
inent,  u  t<)  saj  that  its  mov-iog  e<^uilibrium  U,  in  ao  for, 
etably  adjusted  vith  respect  to  the  oggn^gnto  of  sarrouiuiiB: 
influences.  And  if,  as  a  consequence,  this  individual 
tains  its  moting  equilibrium  nhcti  others  Jail  to  do  ao, 
produces  o£[lipnng  which  do  the  like — tliat  in,  if  individiu] 
thus  characterized  multiply  and  supplant  tho  post ;  tbera 
evidently,  as  before,  a  pioce^  by  wbiub  an  cquilibratioa  b 
twecn  the  organism  and  its  environment  is  c&bctcd,  ttot  is 
mediately  but  mediately,  tbroiigli  tlie  contiiiuotu  iol 
between  the  species  as  a  whole  and  the  lUirironmcDt, 

S  168.  Thus  ne  eee  that  indirect  equilibration  doe*  wlut 
ever  direct  equilibration  cannot  do.  It  is  scarcely 
too  much  to  emphasize  the  conclusion,  thatidltlicm 
by  which  organisms  are  ro-tiltwl  to  their  «Tor-cluu)guj 
environments,  miut  be  equilibrations  of  on&  kind  or  oUii 
As  authority  for  this  conclusion,  wo  hnvu  not  aitnply  t 
universal  truth  that  change  of  every  order  is  towarda 
librium  ;  but  wc  have  also  the  truth  which  holds  throaghoa 
the  organic  world,  that  life  itseUiB  the  uminlcnaiiecaf  ■ 
equilibrium  between  inner  and  outer  actions — the  cog 
SflJ^srment  oi'mte rn aTrelatiouB  to  ext^TpaLnilflliniia : 
ni  ai  n  t  enan  ce  of  a  correspond  en  ce  between  tho  forcoa  to  whid 


B  subject  and  the  furccs  which  it  cvxJyea.     Tt 

ij^the  preservation  of  life  is  the  preservation  of  socli 
efjiiilibriunij  it  becomes  a  coroUkT' 

enable  a  species  to  live  under  altered  eimditions,  are  c1 
towards  enjuilibrium^ntlTtlic  alteivJ^^n^iTI 

Hence,  all  such  changes  U-iiig  equilibration*,  their  diflex 
encea  can  be  nothing  but  dilfon.-nix'ft  in  thu  ways  Ihroagi 
which  tliey  riMiull.  If  they  arc  not  cdtvtcd  immediately 
iboy  must  be  effected  mediately.  A  jfiori,  Ihcrefont,  « 
may  be  certain  that  all  proci'MV*  of  modi  Rent  loH  wbicl)  d 
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not  come  within  the  class  of  direct  equilibrations,  must  come 
within  the  class  of  indirect  equilibrations. 

Examination  of  the  facts  confirms  this  conclusion.  The 
external  factors  to  which  a  species  is  exposed,  are  of  two 
kinds.  They  are  such  as  act  continuously  or  frequently  on  the 
individuals ;  or  they  are  such  as  do  not  act  continuously  or 
frequently  on  the  individuals.  To  a  factor  which  continuously 
or  frequently  acts  on  the  individuals,  the  functions  of  the  in- 
dividuals re-adjust  themselves — there  is  direct  equilibration. 
While  a  factor  which  does  not  act  continuously  or  fre- 
quently on  the  individuals,  acts  continuously  on  the  species  as 
a  whole — either  destroying  such  of  the  members  as  are  least 
capable  of  resisting  it,  or  fostering  such  of  the  members  as 
are  most  capable  of  taking  advantage  of  it.  And  by  the 
abstraction,  generation  after  generation,  of  those  least  in 
equilibrium  with  the  new  factor ;  or  by  the  extra  multipli- 
cation, generation  after  generation,  of  those  most  in  equi- 
librium with  the  new  factor ;  the  species  as  a  whole  is  event- 
ually brought  into  complete  equilibrium  with  the  new  faotoir 
•—there  is  indirect  equilibration« 


OHATTERXin. 


THE  CO-OPERATION   OF  THE  FACTOBS. 


S  1G9.  T11U8  the  plicnamena  of  organic  ovolution,  mi 
Icterproted  in  the  eutnu  wuy  as  the  plicnomenA  of  all  otbtf 
evolution.  Those  univereul  Iums  of  tbe  re-distribotion  oj 
mattLT  and  motion,  to  wliiuli  tilings  in  general  ooaform,  an 
couformed  to  by  all  living  tilings ;  whether  contidered  ta 
their  indi\-iduiil  hiBtoriea,  in  their  hiatories  as  spocie*,  or  ta 
their  aggregate  history.  However  othorwiub  ihey  amy  onlia- 
orily  be  csprcswd,  t)iu  truths  of  development  lU  oxhibitod  in 
the  aaimul  and  vcgetul  kingdoms,  prove  t«  bo  cxprmolile  M 
luaaifcBtatiaDs  of  those  uhutract  truths  eet  forth  ta  J%irf 
Principlet.  Fully  to  sou  this,  it  will  bo  needful  for  tiA  to  ocm- 
templuto  in  their  ensemble,  the  several  processes  mjnubIcIj 
dcKeribod  in  the  four  preceding  chapten. 

If  the  furc«a  uetlug  on  nny  aggn'gute  remain  the  siune,  iIh 
changes  produeod  by  thcra  in  the  aggrt'guto  will  prcaentljr 
rcuch  u  limit,  at  whieh  the  coustuut  ouk^  forces  ant  bolaocta] 
by  the  constant  inner  forces ;  and  thereafter  no  further  &»»• 
taincirphoitis  will  lake  place.  Hence,  that  there  maj  bi 
Continuous  changes  of  structuro  in  organisms,  there  must  \m 
MntiiiuouB  changi'fl  In  the  Inciilciit  fon^cs.  Thii.  foiiilMunlfl 
the  evolution  "f  animal  and  vegetal  forms,  wc  find  UTht 
fully  witisfiwl.  Till)  n.-ttTonomic,  geologic,  and  nii'ltioroT<>gH 
ohaugOH  tliat  huvf  h*-en  slowly  but  incessantly  gi>irig  on.  and 
hsie  been  iacreasmg  iu  tbe  complexity  of  thrir  combioatioa^ 
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have  been  perpetually  altering  the  circamBtancea  of  o 
isma ;  and  organisms,  as  tlicy  have  become  more  numerous  ii 
their  kinds  and  higher  iu  their  kinds,  have  been  perpetually 
altering  one  another's  circumstances.  Thus,  fur  those  pro- 
tive  xuodifiL'ations  ujion  moditicalions  which  organic  evo- 
lution iiiiiilies,  we  lind  a  sufficient  cause  in  the  niodilicutions 
after  modiBcations,  which  every  environment  over  the  Earth's 
surface  hits 'been  undergoing,  throughout  ull  geologic  end  pre- 
geologio  times.  Tlie  progressive  inner  chnngB^i  fur 

ybich  we  thus  find  a  canse  in  the  continuous  outer  changes, 
conform,  so  far  as  we  can  trace  them,  to  tliat  univeragl  law  of 
the  instability   of  the  homogeneouaj   which   ia  mij]ijfft«tp>l 
throughout  evolution  in  gencrfll.    We  see  that  in  organisms,  J 
as  in   all  other   things,  the  exposure  of  diflbrent  parts  tO'l 
different  kinds  and  amounts  of  incident  forces,  has  neces^l 
tilted  their  differentiation;    and   that  for  the  like  reason,] 
aggregates  of  individuals  have  been   lapsing  into  Tarieliea^  I 
and  species,  and  genera,  and  classes.     We  also  soe  that  itt  | 
each  tj-pe  of  organism,  as  in  the  aggregate  of  types,  the  mal-  i 
tiplication  of  effects  has  continuallyaidcd  this  transition  frgm  I 
honit^neoua  to  a  more  h^etcrogeneous  state.     Audi 
yet  again,  we  aee  that  that  increasing  segregatior        ^ 

icreasini^ deiiniteneag,   wnich    ctara ckrizea   thai 


I ,  growing  bfltCTOBOOfUy  of  organisms,  has  been  inauretl  by  tl la 
kneceGsary  maintenance  of  them  under  combinations  of  jorce» 
|»ot  greatly  imlibn  pr^mg  cyphin^tigp.f~hv  t^e  continual 
estruotion  of  thoae  which  expose  themselves  to  aggregates 
r  of  eoctemal  actions  markedly  incongruoua  with  the  aggregates 
I  of  their  internal  aetions,  and  the  survival  of  those  subject 
I  only  to  comparatively  small  incongruities.  Finally, 

I  wo  have  found  that  each  change  of  structure,  sujierposed  on 
I  preceding  changra,  has  been  a  re-oquilibrntion  necessitated  by 
r  the  dUturbanee  of  a  preceding  equilibrium,  l^'^-raiii"'""""™* 
I  of  life  being  ihe  mujntenanii'  (if  »  bulnncod  combinalion  ofj 
I  functions,  it  follow^  J)) j^t  iinlivTSuaU  aixT  species  tTiat  Jiava 
|.cpntiniied  to  live,  fpn  itidiviilTi»l«  unH  wpiyiia  ^^^^  irhich-lb"' 


balance  of  fopctJona  liaa  not  been  oirrthto^m.  InovitaU] 
tliereforo,  eurvival  through  succcasivo  chaQg««  of  conditi 
implies  successive  adjustments  of  the  balance  to  tbc  ntnr  < 
ditiuna.  This  deduction  ve  find  to  be  indactivelv  vcri 
What  is  ordinarily  called  adaptation,  is,  wbcn  tranalatcd 
mechanical  terms,  direct  equilibration.  And  that 
which,  under  the  name  of  natural  aelwlion,  Mr  Darwin  li 
shown  to  be  an  cver-iicting  means  of  fitting  the  ritructara* 
organisms  to  their  circumstances,  ne  find,  on  analyaia,  to  i 
expressible  in  mechanieat  terms  as  indirect  equilibmtioti. 
The  actions  that  are  hero  specified  iu  succession,  are 
reality  simultaneous  ;  and  they  must  be  so  eonDeivnd  beJo 
organic  evolution  can  be  rightly  underatootL  Soma  a 
towards  so  conceiving  them,  will  be  given  by  tLc 
table,  representing  the  co-operation  of  the  factors. 

§  170.  Ilespecting  this  co-operation  of  Iheae  factors,  H 
mains  only  to  point  out  their  respective  shares  in  prodncinj 
the  total  result;  uud   the  vay  in   which  the  proportioaa 
their  respective  shares  vary  as  evolutien  prc>grt«5r& 

At  first,  changes  in  the  amounts  unil  combinations  of  ex 
temal  inorganic  forces,  aslrvnoiuic,  grologic,  and 
logic,  were  the  only  causes  of  the  BucecMive  modiScaticMii 
undergone  by  organisms ;  and  these  changes  have  continued 
and  must  still  continue,  to  be  causes  of  such  modificatMoa 
As,  however,  tlirough  the  diffusion  of  orgsnistDS,  and  ti 
consequent  diflbrcntiul  actions  of  inorganic  fon-M  on  tbe< 
there  arose  mil  i  ken  esses  among  organisms,  producing  rarictii 
spoeii'S,  gf'nora,  orders,  classm,  &c.  \  the  uuiions  of  nrganisi 
on  one  another  became  new  sountes  of  organic  niodi&catiotM 
And  as  fust  OS  types  havo  multiplied,  and  become  mora  no 
plcx  ;  so  fust  have  the  mutual  selions  of  organisms  c«>tD« 
be  mor«  influential  fuulom  in  their  respective  OTuInttuoa 
Until,  eventually,  as  we  s«e  cxemplilkd  in  the  hiuuan 
they  havo  eonw  lo  be  the  chief  fscloni. 

Passing  from  tbo  rxtonial  causes  of  change  to  Iba  inl 
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processea  of  cbange  entailed  hy  thoto,  we  bm  that  theac^  ta 
bave  varied  in  their  proportioua — that  which  wiu  original 
the  most  important  and  almost  the  aolo  prooeas,  bcooniti 
gradually  less  important,  if  not  at  lost  the  leart  iraportai 
Alwaj-B  there  must  have  been,  and  altrays  there  muiit  eo 
tinue  to  be,  a  sur\-ival  of  the  fittest :  uatunil  wtlectian  mi 
have  been  in  operation  at  the  outset,  and  can  Dover  oeu« 
operate.  While  jet  or£iuusim  bmi  C'jmLMira lively  .^li 
powers  of  co-ordinating  their  act!';-  ■  thea 

environing  actions,  nntural  eoloctii'  j-Ioim 

mai^din£and  rermouUIug  orguiiia: 
changing    environments;    and     natural     ^-iix'Liuu     Ku    r 
tnained  almost  the  sole  agency  by    which  {)luiits   and 
fcrior  orders  of  animals  have  beoa  modified  and  drrdopo 


The  equilibration  of  organisms  that  are  compnratit-ely  poMii 
is  necessarily  effected  indirectly,  by  tbc  autioa  of  iocidu 
forces  on  the  species  as  a  whole  But  along  irith  the  grada 
evolution  of  organisms  ha\'ing  some  acli\ity,  tbero  gnnn  t 
a  kind  of  equilibration  that  is  relatively  direct.  In  p 
tion  as  the  activity  increases,  direct  equilibration  play* 
more  important  part.  Until,  when  the  oervo-inasctiL 
apparatus  becomes  greatly  developed,  and  tha  power  of  rai] 
ing  tho  aetiona  to  fit  the  varying  requirements  bcconaa  coi 
aiderablo,  the  aharo  taken  by  direct  equilibration  nuea  ini 
co-oidtnate  importance.  AVo  have  seen  reason  to  think  thi 
ne  fast  as  essential  faculties  multiply,  and  as  fast  as  the  nan 
berof  organs  that  co-opcrat«  in  any  given  function  tncTMM 
indirect  equilibration  through  natural  selection,  beoonoa  lo 
and  leaa  capablo  of  producing  specific  adaptationa ;  and  r 
mains  fully  capable  only  of  maintaining  the  general  Gtna 
of  coTisIttution  to  conditions.  Simultaneously,  tho  prodoctic 
of  adaptations  by  direct  equilisration,  takes  the  fint  plaG» 
indirect  equilibration  serving  to  facilitate  it.  Until  at  Icttgti 
among  tho  civilized  human  races,  the  equilibration  Iicniti 
mainly  direct :  the  action  of  natural  sok-clion  being  r 
to  the  destruction  of  those  who  arc  oonstitutionally  too  t 
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to  live,  even  with  external  aid.  As  the  preseryation  of  in- 
capables  ia  habitually  seoiired  by  our  social  arrangements ; 
and  as  very  few  except  criminals  are  prevented  by  their  in- 
feriorities from  leaving  the  average  number  of  offspring  (in- 
deed the  bulance  of  fertility  is  probably  in  favour  of  the  in- 
ferior) ;  it  resulte  that  survival  of  the  fittest,  can  scarcely  at 
all  act  in  such  way  as  to  produce  specialities  of  nature,  either 
bodily  or  mental.  Here  the  apecialiliea  of  nature,  chiefly 
mental,  which  we  see  produced,  and  which  are  so  rapidly 
produce'd  that  a  few  centuries  show  a  considerable  change, 
must  be  ascribed  almost  wholly  to  direct  equilibration.* 

*  As  biiiug  an  iustructive  besring  on  (he  quosdoa  of  the  Tirietiu  of  Hin, 
let  me  iiuro  rafer  la  u  paper  on  "Tho  Origin  of  the  Humui  Rsuei "  read  before 
the  Anthtopological  Society,  March  lit,  lN(i4,  bj  Mr  Alfred  WaJUce — ■  gcntlo- 
man  well  knoim  among  natucaliits,  u  huTing  indcpeadenllj  Ihooght  out  Itie 
h jpotbcni  of  nutDTuI  •eloction,  thoii|;h  at  a  lator  date,  and  lea  elaboratetj',  than 
Hr  Darwin-  In  this  paper,  Mr  WatUce  ahowi,  tctj  ctearlj'  I  think,  that  alon|[ 
with  the  sttoinment  of  that  dogne  of  intuUigeDee  implied  by  the  ose  of  implo- 
menta,  clothing,  An.,  Qtere  uiws  a  tendenoy  for  modiGciLtion*  of  biain  to  take  th« 
place  of  nodificatians  of  body — etiil,  hoireTer,  rejpuding  the  natural  aelcction  of 
«poDtaD»)iu  TariiitiiHU,  u  Ibe  eanse  of  the  modiHaL^Dni.  Bat  if  the  foregoing 
af^Dmcnti  be  vstid.  nalural  nlection  here  plaja  hut  the  eecondary  part  of  fbr- 
thcriaglho  adaplatinna  other niie  caiued.  It  ia  true  that,  sa  Mr  Wallaee  tjgimt, 
and  as  I  hnre  royulf  hrieBj  indicaltd  (ww  WaHatnUfr  Jteuw,  fur  April,  I8G3, 
pp.  19B— fiOI).  Ihe  natoral  seleclion  of  rucca,  leada  Us  the  lurvitnl  of  the  more 
cerabniHy-deTelofed,  irbile  the  leca  cerebrally-d^eloped  disapmw.  ?ut  though 
natural  BelMliDU  aetsfrcefyin  the  ibnggle  of  one  HicieCy  with  aoocher ;  yet,  among 
thennila  of  each  tocicty,  iU  action  i>  ao  interfereil  with,  that  thcrv  nmalna  no  ade- 
quate cauje  fnr  the  acquirement  of  mental  superiority  by  one  race  over  uiotlicr, 
eicifpl  the  tnberibmoo  of  funclJonDily -prod  need  modiScatloni.  Tbis  T 
•ter,  agroea  cquuUy  well  with  If r  Wallace's  conclmion,  that  at  a  < 
tnlntioa,  the  bnnn  b^iiu  to  dunse  nmch  more  tban  Iha  butr. 


CHAPTER  XIV. 


THE  CONTEROENCE  OP  THE  EVIDEKCia. 

S  171.  Op  the  tliree  classes  of  evidences  that  hare 
assigned,  the  d  priori,  wliich  we  took  first,  were  partly 
live,  partly  poaitjve. 

On  considering  the  "  General  Aspecta  of  th«  ^wcial' 
tii)n-L}-poibc«ii<,"  we  discovered  it  to  bo  worthleaa.  Discsvdita 
by  its  on'giu,  nnd  wholly  without  any  basis  of  obaemd  I 
we  found  that  it  was  not  even  a  thinkable  b}'potiinsi« ; 
while  thus  intellectually  illiiajvo,  it  turned  out  on  *^ftm 
tion  to  have  moral  implications  quite  at  varinace  witlt 
professed  beliefs  of  those  who  bold  it. 

ContrariwiflP,  the  "General  Aspects  of  Ili«  EvoIation-Ii]f 
pothcsis,"  begot  t)ic  stronirer  faith  in  it  the  more  noorlj  the 
were  considered.  Ijy  its  lineage  and  its  kindral,  it 
found  to  be  aa  closely  allied  with  the  proved  truths  of 
science,  as  is  the  antagonist  hypothesis  with  the 
errors  of  ancient  ignorance.  Instead  of  being  a  men 
idea,  we  saw  that  it  admitted  of  cluliomtioD  into  a 
concept  ion— 80  showing  it«  legitimacy  as  an  hypothesis. 
Btcad  of  positing  a  purely  tietiiiouti  process,  the  proecas  w 
it  alleges,  we  saw  to  bo  one  that  is  actually  going  od  an 
us.  To  which  add,  tlmt  morally  vonsidcnxJ,  thia  hypoti 
presents  no  irreconciUblft  incoagruitiM. 

Thuif,  even  won  we  without  Airihar  meana  of  jt^ginj 


ft 
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THE  CONVEKOEirCB   OP  IHK  EVIDENCES. 

L  there  could  be  no  TstJonal  hesltutioii  wMch  of  the  two  views  ,j 
I  nlioald  be  entertained. 

%  172.  Further  means  of  judging,  however,  we  foimi 
be  afforded  by  bringing  the  two  hj'potheeea  face  to  face  with 
the  general  truths  established  by  naturulisls.  These  induct- 
ive evidences  were  dealt  with  in  four  chapters. 

"  The  Arguments  from  Clusaification  "  were  these.  Organ- 
iems  fall  into  groups  within  gi-oups ;  and  this  is  the  arrange 
ment  which  we  see  results  from  evolution,  where  it  is  knonit 
to  take  place.     Of  these  groups  within  groups,  the  great  or  J 
primary  ones  aro  the  most  unltlce,  the  sub-groups  are  less  a 
'unlike,  the  sub-sub-groups  still  less'  unlike,  and  so  on  ;  andl 
this,  too,  is  a  characteristic  of  groups  demonstrably  produced! 
by  evolution.  Moreover,  indtfinitoness  of  equivalence  umonff  I 
the  groups,  is  common  to  those  which  we  know  have  bcoal 
evolved,  and  those  here  supposod  to  have  been  evolved.  And! 
then  there  is   the  further  significant  fact,  that  divergent  ^ 
groups  are   allied  through    their  lowest  rather  than  their 
highest  members — a.  truth  which  the  hypothesis  of  evolution 
implies. 

Of  "  the  Arguments  fnym  Embrj'ology,"  the  first  and  most  J 
itriking  is,  that  when  the  developments  of  embryos  are  traced  I 
from  their  common  startiug  point,  and  their  divergences  and  i 
re- divergences  symbolized  by  a  genealogical  tree,  there  is 
manifest  a  general  panilk-lism  Letwocn  the  arrangement  of 
its   primary,    secondary,    and    tertiary    branches,   aiid   the 
urangcment  of  the  divisions  and  sub-divisicns  of  our  clasai- 
ifications — a  general  parallelism  to  be  anticipated  as  a  result 
of  evolution.     Nor    do   those   minor   deviations    from    this 
general  parallelism,  which  at  first  sight  look  like  difficulties, 
fail,  on  closer  observation,  to  become  additional  supports; 
since  those  traits  of  a  common  ancestry  which  embryology 
reveals,  are,  if  mo<lif! cations  have  resulted  from  changed  con- 
ditions, liable  to  be  distorted  or  disguised  in  quite  difTcrent 
WHjra  and  degrees  in  different  liuw  of  dcscendanta 
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We  next  coiieidcrod  "  the  ArgTunenU  fnm,  '. 
Leaving  out  those  kinships  among  orgsnUms  di>Rl(Meil 
their  dcvclopTacntal  metumurphosce,  the  kinaliips  wbidi  th 
adult  forms  show  are  pi-ofouiidly  BiguiGcant.  Tlie  mniirk] 
unities  of  tj-pe  which  arc  found  under  suoh  diifcreat  vx 
Doli,  are  inexplicable  i<xoei>t  ns  reenlts  of  community  of 
Bueut  with  non-community  of  modification.  Again,  c 
organism  analyzed  apart,  shows  ua,  in  the  UkuiiCMM*  ohaco 
by  unlikeneeees  of  its  component  part«,  n  peculiarity  of  stn 
ture  that  can  be  ascribed  only  to  the  furmntion  of  a  im 
heterogeneous  organism  out  of  a  more  homogtnivotu  (■ 
And  once  mare,  the  habitual  esistenco  of  rudimentnry  orgm 
homologous  with  organs  that  nre  developed  in  allied  aatnu 
W  plants,  while  it  admits  of  no  other  mliona]  iult^mtatii 
has  a  satisfaetory  interpretation  given  to  it  by  tho  byj 
theoia  of  evolution. 

Lastof  the  inductive  evidences,  came  "  tbe  Argamenla  A 
Distribution."  While  the  phenomena  of  dixtributkiii 
Space,  prove  to  be  unaecountablo  as  results  of  dnigtiad  ain 
ation  of  orguuitimn  to  their  habitats,  thrv  proTo  to 
oecoimtable  as  results  of  tho  coupetition  of  species,  and 
spread  of  the  superior  into  the  habitats  of  the  in&tior,  1 
lowed  by  the  changes  which  now  conditions  induce.  Thooj 
the  phenomena  of  distribution  in  Time,  are  so  fragmioil 
that  no  positive  conclusion  can  he  drawn  &om  the*!!] ;  yet  i 
of  them  ore  rpconcileahlo  with  the  hypothesis  of  crolatiun, 
some  of  tliem  yield  it  strong  support— ntpecisUy  the  t 
relationship  that  exists  between  tho  living  and 
tj-pes  of  eai'h  great  goographicid  area. 

In  each  of  these  four  groujis,  we  thua  J^>und  sinml  i 
monta  which  point  to  the  same  conclusian;  and  tha 
elusion  pointed  to  by  the  argumeoln  of  any  ime  group,  ia  t^ 
pointed  to  by  tho  arg\micnts  of  all  tho  otlicr  groups.  Tli 
coincidi^co  of  coincidences,  would  give  to  the  iuductioo 
very  high  degree  of  probahiUty,  even  wore  it  not 
by  deduction. 
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be  conclusion  deductively  reached,  is  in  har- 
mony with  the  inductive  conclusion.     Poaaing  from  the  evi- 
dence that  evolution  has  taken  place,  to  the  question — How 
— liaa  it  taken  place  ?  we  find  in  known  agencies  and  known 
xiesaes,  adequate  causes  of  ita  phenomeiia. 
In  astronomic,  geologic,  and  mctcorologic  changes,  ever  in 
rogresa,  ever  comhining  in  new  and  more  involved  ways, 
e  have  a  set  of  inorganic  factors  to  which  oil  organisms  ore 
;  and  in  the  varying  and  complicating  actions  of 
~  organisms  on  one  another,  we  have  a  set  of  organic  factors 
that  alter  with  increasing  rapidity.     Thus,  speaking  gener- 
ally, all  memhers  of  the  Earth's  Flora  and  Fauna  are  con- 
I  tinually  passing  into  new  environments — experience  per- 
letual  re-arrangements  of  eit«mal  forces. 

Each  organic  aggregate,  whether  considered  individually 
r  as  a  continuously-existing  species,  is  modified  afresh  by 
ich  frosh  distribution  of  external  forces.     To  its  pre-exist- 
ing difierentiations,  new  difierentiations  are  added ;  and  thus 
"  that  lapse  from  a  more  homogeneous  to  a  more  heterogeneous 
state,  which  would  have  a  fixed  limit  were  the  circmnslanccs 
fixed,  has  its  limit  perpetually  removed  by  the  perpetual 
^change  of  the  circumslancea.   Meanwhile,  that  growing  oom- 
[dexity  of  struclunn  thus  produced,  must,  in  the  average  of 
OS,  be  accompanied  by  an  increasing  definitencsa  of  stnic- 
o ;  since  only  those  organisms  can  surtive  which  subject 
themselves  to  aggregates  of  forces  that  are  not,  in  their  esscn- 
ia,  greatly  unlike  those  with  which  their  structures  cor- 
espoud.     And  at  the  same  time  that  progression  is  tbua. 
dilated  as  a  general  rcsidt ;  yet,  as  change  of  structore 
Fkrises  only  whore  there  is  change  in  the  distribution  of  furceSi 
it  will  not  take  placp  in  oi^nisms  wliich  elude  changes ' 
in  the  distribution  of  forces,  by  migrulion  or  otherwinc. 

These  modi  Heal  ions  upon  moditications  which  rcsidt  iai 
evolution  structurally  considcj-ed,  are  the  accompaniments 
of  tlioso  functional  altorations  continually  required  to  re- : 
equilibruto  inner  with  outer  actions.  That  moving  equl- 
21 
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librium  of  inner  actions  corresponding  with  outer  actioni^ 
which  constitutes  the  life  of  an  organism,  must  eitht-r  be 
overthrown  by  a  change  in  the  outer  actions,  or  must  under^jiu 
perturbations  that  cannot  end  until  there  is  a  re-adjuattd 
balunco  of  functions  and  correlative  adaptation  of  structurt* 
Wherever  the  external  changes  are  such  as  to  bo  continuou»!r 
or  frequently  operative  on  individuals,  this  direct  equilibn- 
tion  must  go  on. 

But  where  the  external  changes  arc  either  such  as  ur« 
fatal  when  experienced  by  the  individuals,  or  such  as  act  ^.n 
the  individuals  in  ways  that  do  not  affect  tlic  equilibrium  oi 
their  functions ;  then  the  re-adjustment  results  through  the 
effects  produced  on  the  species  as  a  whole — there  is  iii'Iirivi 
equilibration.  J)y  natural  selection  or  survival  kA'  the  ti**«*l 
— by  the  preservation  in  successive  generations  ol  :1.  h; 
whose  moving  eciuilihria  happen  to  bo  least  at  varian*.^-  u.:i. 
the  requirements  there  is  evuntually  produce  1  a  i-li-vi-.-i-d 
equilibrium  completely  in  harmony  with  the  requiivTiui.:-. 

And  thus  it  rcsultii  that  those  universal  laws  of  the  it-  ii- 
tributi«)U  of  matter  and  motion,  which  are  coufonin'tl  !■»  Iv 
evolution  in  general,  are  coulbrnied  to  by  organic  cvl^Iu:;  ::. 

§  174.  Even  wore  this  the  whole  of  the  cviilouee  a--:^*Ti- 
able  for  the  belief  that  ori^anisins  of  all  orders  liavt-  1«  •  u 
gradually  evolved,  this  Ix'lief  would  have  a  warrant  m;;. ;. 
hi'rher  than  that  of  verv  maiiv  b*'liefs  that  are  re;»arilt.i  ..* 
estahli>he(l.  When  we  see  tiiat  there  are  >tn)n:x  ii  jtriori  j«r»- 
baMlitie-N  ill  its  favour,  and  whollv  adversi'  to  thi/  ant  air-  :.:-: 
hyix'tln^i-- — wIm'U  an  i'Xiunination  of  the  f.iets  whii-li  nat  •;r-ii- 
i  1>  ha\<aecuniulaf(  tl,  Irads  us  t«)  M-veral  grojips  of  iii«;ne::'-  .■* 
wliieh  unite  in  su]»|Mirtin;^  it — and  wh'.n  the  charaeti  rl.-!!  >* 
wliich  eons|)irL'  tiishow  that  or;^^:iiiie  <»vulu!ion  has  been  ltvk:  ^ 
on,  ])rove  to  be  ileihieiMi'  from  tli-.»M'  univer>al  aetitms  k.::»  u:. 
to  work  evolution  of  all  otlur  kin<U;  we  have  a  ei»nibina!:.-ri 
of  proofs  which  ini;;l!t  sjiilici*  wen»  there  no  uxoyq  to  l»i.«  s.ij.I. 

Lut  the  evidiiiee  is  far  from  exhaust ed.     At  the  outM.'t  of 


GESCE   or   THE    EVIDBNC1 


Sie  argument,  it  was  remarked  that   the  cntemble  of  vital 
ihenomena  presented  by  the  organic  world  as  a  whole,  can- 
pot  be  properly  dealt  with  apart  from  the  etisemlle  of  vital 
^enomena  presented  by  each  organism,  in  the  course  of  ita 
wth,  development,  and  decay.   The  interpretation  of  either 
mplies  interpretation  of  the  other  ;  since   the  two  are  in 
jftlity  parts  of  one  process.     Hence,  the  validity  of  any 
Jhypothesis  respecting  the  one  class  of  phenomena,  may  ba 
eeted  by  its  congrnity  with  phenomena  of  the  other  class. 
e  are  now  about  to  pass  to  the  more  special  phenomena  of 
IcTelopment,  as  displayed  in  the  structures  and  functions  of 
findividuftl  organisms.     If  the  hypothesis  that  plants  and 
animals  have  been  progressively  evolved,  be  true,  it  must 
furnish  us  with  keys  to  these  phenomena.   Wo  shall  find  that 
_  it  does  this;  and  by  doing  it,  jpves  Quinherless  kdditional 
fouchera  for  its  truth. 
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[TltefoUoujing  letter^  originaUy  written  for  publication  in  the  North 
American  Review,  but  declined  by  the  Editor  in  pursuance  of 
a  general  rule,  and  eventually  otherwise  publislted  in '  Vie  United 
States,  I  have  thon{fht  well  to  append  to  this  first  volume  of  the 
Principles  of  Biology.  /  do  this  because  the  questions  which  it 
discusses  are  dealt  with  in  i/iis  volume  ;  and  because  the  further  ex^ 
planations  it  furnishes  seem  needful  to  prevent  misapprehensions.'] 

ON  ALLEGED    "SPONTANEOUS   GENERATION,"   AND    ON   THE 
HYPOTHESIS  OF  PHYSIOLOGICAL  UNITa 

The  Editor  of  the  North  American  Review. 
Sir, 

It  is  in  most  cases  unwise  to  notice  adverse  criticisms. 
Either  thej  do  not  admit  of  answers  or  the  answers  may  be  left  to 
the  penetration  of  readers.  When,  however,  a  critic's  allegations 
touch  the  fundamental  propositions  of  a  book,  and  especially  when  they 
appear  in  a  periodical  having  the  position  of  the  North  A  merican 
Jieview,  the  case  is  altered.  For  these  reasons  the  article  on 
**  Philosophical  Biology,"  published  in  your  last  number,  demands 
from  me  an  attention  which  ordinary  criticisms  do  not 

It  is  the  more  needful  for  mc  to  notice  it,  because  its  two  leading 
objections  have  the  one  an  actual  fairness  and  the  other  an  apparant 
fairness ;  and  in  the  absence  of  explanations  from  me,  they  will  be 
considered  as  substantiated  even  by  many,  or  perhaps  most,  of  those 
who  have  read  the  work  itself — much  more  by  those  who  have  not 
read  it.  That  to  prevent  the  spread  of  misapprehensions  I  ought  to 
say  something,  is  further  shown  by  the  fact  that  the  same  two  objec- 
tions have  already  been  made  in  England — the  one  by  Dr.  Child, 
of  Oxford,  in  his  E^^hija  on  Physiological  Subjects,  and  the  other  by 
a  writer  in  the  Wesf minster  Ikview  for  July,  18()5. 

In  the  note  to  which  your  reviewer  refers,  I  have,  as  he  says,  tacitly 
repudiated  the  belief  in  "spontaneous  generation;"  and  that  I  have 
done  tills  in  such  a  way  as  to  leave  open  the  door  for  the  interpre- 
tation given  by  him  is  true.  Indeed  the  fact  that  Dr.  Child,  whose 
criticism  is  a  sympathetic  one,  puts  the  same  construction  on  this 
note,  proves  that  your  reviewer  has  but  drawn  what  seems  to  be  a 
necessary  inference.  Nevertheless,  the  inference  is  one  wliich  I  did 
not  intend  to  be  drawn. 

In  explanation,  let  me  at  the  outset  remark  that  I  am  placed  at  a 
disadvantage  in  having  had  to  omit  that  part'  of  the  System  of 
Philosophy  which  deals  with  Inorganic  Evolution.  In  the  orginal 
programme  will  be  found  a  parenthetic  reference  to  this  omitted 
part,  which  should,  as  there  stated,  precede  the  Principles  ofBiohgy. 


Two  rolames  ore  ntissing.  Tlie  closing  cbiq)tcr  of 
it  written,  wonlil  dual  with  llie  eroliition  of  or^niuc  fnittir  Ihi 
step  preceding  tlio  crolutiun  o[  living  forms.  Uabitaaliy  carrrinf 
Willi  me  in  tbouj^ht  the  contents  of  tiii^i  unwritten  chapttu-,  1  htn, 
iu  eame  cases,  expresiicd  mjself  as  tliougli  tlin  rratlrr  bad  k  betov 
him ;  and  have  thus  rendered  some  uf  mj  slatvtnetita  Uable  Vt 
misconstmctians.  Apart  from  this,  hoKever,  tlie  tixplnnatiun  ol  (1» 
uppiureDt  inconsistency  is  r cry  simple,  if  not  vcrj  ohriuiw.  loUieKnt 
pln(.'c,  1  do  not  believe  in  the  "  ^puntuneuua  gciicnLtioa"  L-oouiioaJ; 
alleged,  uid  referred  to  iu  the  note  ;  uid  so  lii:I>'  li:kv>?  I  ii-«x-iaM 
in  thought  this  alleged   "spDutaneous  g' rn  :  j    dy. 

believe,  with  the  generation  by  evolution  wlii'  ^l  tlw 

repudiation  of  the  one  never  occurred  tome  ii>  '  >>.-n»- 

padiation  of  the  other.  That  creatures  huTin<.'  /  .  m 

evolved  in  the  course  of  a  few  hours,  wilhuni  'it«J 

to  determine  their  specific  forms,  is  to  me  uj  .  .  i  tfae 

established  truths  of  liio  logy,  but  the  estiili:  'on 

iu  general,  negative  the  Gnppositiou  that  lii;-.i...  ....    „    i-uve- 

tures  delim'tc  enough  to  identify  Uiem  as  lieluiigiii|{  m  kiitmu  geocn 
and  species,  can  be  produced  in  the  alxsence  uf  gonn  Uerivetl  fran 
QDtuccdeDt  orgouittuia  of  the  t^aine  genora  snd  spucits;  II  tborc  em 
suddenly  be  imposed  on  siniplo  protoplasm  the  orgaaixaiiua  mbiek 
constitutes  it  a  J'ai-amccduiii,  1  scu  no  reason  why  oniiuoU  of  gnaur 
eomplexity,  or  indued  of  any  complexity,  may  not  Iw  coostitvtad 
after  the  same  mntmcr.  In  brief,  I  do  not  accept  tliew  aUegcil  (mSb 
08  exemplifying  l:)volutioi),  because  they  imply  sornvthing  IduucimkIj 
beyond  that  which  Kvolutioo,  aa  I  nnderi^iaiid  it,  can  wdUera,  Im 
thq  suconii  place,  my  disbelief  exteuds  not  only  to  the  oltogotl  cmm 
of  "spontniicoUH  generation,"  but  lo  ovory  cai^o  akin  to  UienL  Ths 
Tery  conception  ot  ■rpontaneity  is  wholly  iiicongruona  willi  tbo  am- 
cepUon  of  Evolution.  For  thii>  reason  1  regtkrd  ua  ubJ«ctioiublB  Mr. 
Uarwiu'n  phnwe  "  spontuucous  variation  "  (as  indeed  he  does  IuiiukUJ; 
and  I  h^vevoui^ht  lo  show  that  tliere  oroalffayfla<sigualiti-  raiuool 
variation.  No  fonu  of  Kvolution,  inorganic  or  ur^nic,  ca*  \^ 
dpoiitaupous  1  but  in  every  inslaneo  the  ontccedcnr  foru>?<  most  li« 
adequate  in  their  iguuulitJeH,  kind^  and  distribution*,  Iu  work  %i» 
ob.^iorvud  cITecls.  Neither  the  alleged  cases  of  "  gpoutaueiiaa  fi;viw> 
ration,"  nor  any  Imii^inublc  luses  iu  thu  leant  allied  tu  liwta,  (nifil 
Uiis  requirement. 

If,  accepliiig  tliMe  alleged  ltwos  of  "  spontaneous  gt-'iu-nitioo,*  I 
had  amumcd,  ils  your  reviewer  eecnis  to  do,  tliul  tlw  ovulutloa  41 
organic  life  coniiiienced  in  an  analogous  wuy  ■  then,  ludeud,  1  sliuaM 
have  Itrft  mj^elf  op-n  to  a  filial  criticinm.  Thin  auppoocd  **«|iaD- 
taiieous  gcuerulioii"  habitually  iiecar«  iu  menstrua  tluit  voniM 
eitiier  organic  uiatter,  or  matter  originally  ilerlvuil  from  t<rgtialmi«j 
KOd  anch  urgnuie  mutter,  riroeeudiug  In  all  iiiiuwn  eowi  (ruia  or^aa* 
_i/iFf^   ot  (1  iljclicf   liliid,    i|ii|'llv^  Ills  WG*IU>l^t<!BCO  ol    TTh  _hhi^t_ 
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orgMiisms.  By  what  kind  of  logic,  then,  is  it  inferrible  that 
organic  life  was  initiated  after  a  manner  like  that  in  which  Infusoria 
are  said  to  be  now  spontaneously  generated?  Where,  before  life 
commenced,  were  the  superior  organisms  from  which  these  lowest 
organisms  obtained  their  organic  matter?  Without  doubting  that 
there  are  tliose  who,  as  the  reviewer  says,  "  can  penetrate  deeper 
than  Mr.  S[)cncer  has  done  into  the  idea  of  nniversal  evolution," 
and  who.  as  he  contends,  prove  this  by  accepting  the  doctrine  of 
"spontaneous  generation" ;  I  nevertheless  think  that  I  can  penetrate 
deep  enough  to  see  that  a  tenable  hypothesis  respecting  the  origin 
of  organic  life  must  be  reached  by  some  other  clue  than  that  fur- 
nished by  experiments  on  decoction  of  hay  and  extract  of  beef. 

From  what  I  do  not  believe,  let  me  now  pass  to  what  I  do  believe. 
Granting  that  the  fonnation  of  organic  matter,  and  the  evolution  of 
life  in  its  lowest  forms,  may  go  on  under  existing  cosmical  condi- 
tions ;  but  believing  it  more  likely  that  the  formation  of  such  matter 
and  such  forms,  took  place  at  a  time  when  the  heat  of  the  Earth's 
surface  was  falling  through  those  ranges  of  temperature  at  which 
the  higher  organic  compounds  are  unstable;  I  conceive  that  the 
moulding  of  such  organic  matter  intb  the  simplest  types,  must  have 
commenced  with  portions  of  protoplasm  more  minute,  more  in- 
definite, and  more  inconstant  in  their  characters,  than  the  lowest 
Khizopods—  less  distinguishable  from  a  mere  fragment  of  albumen 
than  even  the  Protogenea  of  Professor  Haeckel.  The  evolution  of 
specific  shapes  must,  like  all  other  organic  evolution,  have  resulted 
from  the  actions  and  reactions  between  such  incipient  tjpes  and 
their  environments,  and  the  continued  survival  of  those  which  hap- 
pened to  have  specialities  best  fitted  to  the  specialities  of  their  en- 
vironments. To  reach  by  this  process  the  comparatively  well-spe- 
cialized forms  of  ordinary  Infusoria^  must,  I  conceive,  have  taken  an 
enormous  period  of  time. 

To  prevent,  as  far  as  may  be,  future  misapprehension,  let  mo 
elaborate  this  conception  so  as  to  meet  the  particular  objections 
raised.  The  reviewer  takes  for  granted  that  a  "  first  organism " 
must  be  assumed  by  me,  as  it  is  by  himself.  But  the  conception  of 
a  ^^  first  organism,**  in  anything  like  the  current  sense  of  the  words, 
is  wholly  at  variance  with  conception  of  evolution;  and  scar-iely 
less  at  variance  with  the  facts  revealed  by  the  microscope.  The 
lowest  living  things  are  not  properly  speaking  organisms  at  all ;  for 
they  have  no  distinctions  of  parts — no  traces  of  organization.  It  is 
almost  a  misuse  of  language  to  call  them  '*  forms  "  of  life :  not  only 
are  their  outlines,  when  distinguishable,  too  nnspecific  for  description, 
but  they  change  from  moment  to  moment  and  are  never  twice  alike, 
either  in  two  individuals  or  in  the  same  individual.  Even  the  word 
^^  type  "  is  applicable  in  but  a  loose  way ;  for  there  is  httle  constancy 
in  their  generic  characters :  according  as  the  surronnding  conditions 
detenninei  they  undergo  transformations  now  of  one  kind  and  now  of 
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Bnotlicr.  And  tfie  vagoenc^B,  the  ioconstaacf,  tAo  mot  at  apprv* 
ciable  Etrot^tnrc,  (iisplnjed  by  the  simplest  of  lirin^  things  m  «• 
DOW  see  them,  ore  cliaracten  (or  abfieiicea  of  cliivr&L-tcra)  viiidt,  oa 
the  hy|>otbeMd  of  Kvolution,  mnst  have  boon  &till  mon  deciiM 
whon,  asat  first,  no  "  forms."  no  "  types,"  no  "  specific  shapes,"  M 
t)e en  moulded.  Thut  "absolute  cotDmeocctneut  of  orgunicldaM 
tlio  jftobe,"  wiii(7h  the  rcTiewer  snys  1  "  cannot  evade  tlw  ii  ilwiMira 
ot,"  1  distinctly  dtny.  The  nffirniation  of  nniTcrsol  c*oIntion  ii  ia 
ilscif  the  nc(;tttion  of  on  "absolute  commencement "  of  mjtimg, 
Courtrued  in  («nns  of  emulation,  every  kinil  of  bciug  U  concural  M 
a  product  of  tuoditicatlous  nrou^rht  by  iiiseiinible  gmdatioaa  on  a 
pre-existing  kind  of  being  ;  aud  this  Lolds  a»  fully  of  ths  RoppoMd 
"  commencement  of  organic  life"  na  of  oil  subse<iueut  deTdopiDnU 
of  organic  life.  It  is  no  more  needful  to  supiiose  an  "  abMriala 
commencement  of  organic  life  "or  a  "Erst  of)- an  Ism,'*  than  R  h 
ncedfal  to  Bnppose  on  absolate  commencement  of  social  till  and  • 
first  social  organism.  The  ossmnption  of  such  a  neecoUy  in  Una 
last  cose,  made  by  early  epecnlatora  with  their  thouries  of  "  sgdil 
contracts"  and  the  lil(c,  is  disprored  by  the  facts;  and  Ike  fad^ 
BO  for  as  tliey  are  ascertained,  disprove  the  as^umptioa  of  nek  a 
necessity  in  the  first  ease.  That  organic  matter  was  not  prodBoal 
nil  at  ooce,  but  nas  reached  tlirougli  Ble|>3,  we  are  well  trarruitBl 
ill  believing  by  the  experiences  of  clictnlits.  Organic  mattcn  an 
produced  in  the  laboratory  by  what  we  uiay  tilenlly  cull  an^Jlaal 
riKilation.  Clicmists  find  themselves  anable  to  (onu  ihcM  tmnpkl 
coiulnnntiuiis  direiHly  from  their  elements;  but  they  5DCtH.-«il  in  tarm- 
ing  them  indirectly,  by  succe^^ve  modifications  of  ain)|»1cr  cixobtn*- 
tions.  In  some  binary  compomid,  one  element  of  wbich  'i»  pnteat 
hi  several  equivalents,  a  change  is  made  by  snbstitiitioi^  for  one  i4 
these  equivalents  an  eqaivaleut  of  some  other  etennent ;  to  prodBdag 
u  li.-rtiary  coiu[)Ound.  Then  another  o[  the  eqnival^ta  b  railneaiV 
and  so  on.  For  instance,  beginning  with  ammonia,  N  H^  ■  Bigtaar 
form  is  obtained  by  replacing  one  of  the  atoms  of  hrdracn 
by  en  atom  of  methyl,  so  producing  melhyl-amine.  N  (C  Ilj  BJt 
and  then,  under  the  further  action  of  methyl,  ending  b  a 
further  substitution,  there  is  rcnchml  the  etill  more  compooDd  ibIk 
Ftance  dmicthyl-aminc,  N  (G  II )  (C  U,)  II,  Aud  in  this  aaaiiMr 
highly  complex  sub^itances  are  eventually  bnilt  up.  AaoiliV 
characteristic  of  tlicir  method  is  no  len  m'gniticant.  Two  eon* 
plex  rompoands  an  empioycil  to  generate,  by  tlieir  action  npoa 
one  another,  a  compound  of  still  greater  complexity :  dUftJiM 
kelcrogeneons  moicculus  of  one  stage,  become  purentit  of  ■  nM)J*> 
cuId  a  «tiigo  higher  in  heterogeneity.  Thus,  having  t>uilt  op  acMit 
add  out  of  ita  elements,  and  having  by  the  process  of  salMitltatton  d^ 
■cribed  above,  ubungeil  the  acetic  add  into  progiiunlc  acid,  and  pn>^ 
c  into  butyric,  rf  which  the  (ormoUb    {comof '^^       1  > 
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this  complex  compoDnd,  by  operating  on  anotner  complex 
compound,  snch  as  the  dimethyl-amine  named  above,  gene- 
rates OIK?  of  still  greater  complexity,  bntyrate  of  dimethyl-amine 

I  C  0  (Hyf  ^^'^  °  j  N   (C  H3)   (C  H3)  H.     See,  then,  th. 

remarkable   parallelism^    The  progress  towards  higher  types  of 
organic  molecules  is  effected  by  modiGcations  upon  modifications ; 
as  throughout  Evolution  in  general.     Each  of  these  modifications  is 
a  change  of  the  molecule  into  equilibrium  with  its  environment — an 
adaptation,  as  it  were,  to  new  surrounding  conditions  to  which  it  is 
subjccled ;  as  throughout  Evolution  in  general.     Larger,  or  more 
integrated,  aggregates   (for  compound  molecules  are   such)    are 
successively  generated ;  as  throughout  Evolution  in  general.     More 
complex  or  heterogeneous  aggregates  are  so  made  to  arise,  one  out 
of  another ;  as  throughout  Evolution  in  general.    A  geometrically- 
increasing  multitude  of  these  larger  and  more  complex  aggregates 
so  produced,  at  the  same  time  results ;  as  throughout  Evolution  in 
general.     And  it  is  by  the  action  of  the  successively  higher  forms 
on  one  another,  joined  with  the  action  of  environing  conditions,  that 
the  highest  forms  are  reached ;  as  throughout  Evolution  in  generaL 
When  we  thus  see  the  identity  of  method  at  the  two  extremes 
— when  we  see  that  the  general  laws  of  evolution,  as  they  are  exem- 
plified in  known  organisms,  have  been  unconsciously  conformed  to 
by  chemists  in  the  artificial  evolution  of  organic  matter ;    we  can 
scarcely  doubt  that  these  laws  were  conformed  to  in  the  natural 
evolution  of  organic  matter,  and  afterwards  in  the  evolution  of  the 
simplest  organic  forms.     In  the  early  world,  as  in  the  modem 
laboratory,  inferior  types  of  organic  substances,  by  their  mutual 
actions  under  fit  conditions,  evolved  the  superior  types  of  organic 
substances,  ending  in  organizable  protoplasm.     And  it  can  hardly 
be  doubted  that  the  shaping  of  organizable  protoplasm,  which  is  a 
substance  modifiable  in  multitudinous  ways  with  extreme  facility, 
went  on  after  the  same  manner.     As  I  learn  from  one  of  our 
first  chemists.   Prof.   Frankland,  protein  is  capable  of  existing 
under  probably  at   least  a   thousand   isomeric    forms;   and,   as 
we   shall  presently    see,    it    is   capable    of   forming,   with  itself 
and  other  elements,   substances  yet  more  intricate  in   composi- 
tion,   that    are    practically    infinite    in  their    varieties    of   kind.- 
Exposed  to  those  innumerable  modifications  of  conditions  which 
the  Earth's  surface  afforded,  here  in  amount  of  light,  there  ia 
amount  of  heat,  and  elsewhere  in  the  mineral  quality  of  its  aqueous 
medium,  this  extremely  changeable  substance  must  have  undergone 
now  one,  now  another,  of  its  countless  metamorphoses.    And  to  the 
mutual  influences  of  its  metamorphic  forms  under  favouring  con- 
ditions, we  may  ascribe  the  production  of  the  still  more  composite, 
still  more  sensitive,  still  more  variously-changeable  portions  of 
organic  matter,  which,  in  masses  more  minute  and  simpler  than 
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existing  Protozoa^  displayed  actions  verging  little  by  Iiltl« 
into  those  called  vital — actions  which  protein  itself  exhibits  in  a 
certain  degree,  and  which  the  lowest  known  living  things  exhibit 
only  in  a  greater  degree.  Thus,  setting  oat  with  iodoctions  from 
the  experiences  of  organic  ch^'uiists  at  the  one  extreme,  sni 
with  inductions  from  the  observations  of  biologists  at  the  otb*jr 
extreme,  we  are  enabled  deductively  to  bridge  the  interval— 
are  enabled  to  conceive  how  organic  compounds  were  evolved,  niil 
how,  by  a  continuance  of  the  process,  the  nascent  life  displayed  in 
these  became  gradually  more  pronounced.  And  this  it  is  whi-h 
has  to  be  explained,  and  which  the  alleged  cases  of  *•  spout unt^.toj 
generation  "  would  not,  were  they  substantiated,  help  os  in  the  Ica^l 
to  explain. 

It  is  thus  manifest^  I  think,  that  I  have  not  fallen  into  the  alleged 
inconsistency.  Nevertheless,  I  admit  that  yonr  reviewer  was 
justilied  in  inferring  thi|  inconsistency  ;  and  I  take  blame  lo  iiiy>"ii 
for  not  haviig  seen  that  the  statement,  as  I  have  left  ity  is  oih?i  to 
misconstruction. 

I  pass  now  to  the  second  allegation — that  in  ascril>ing  to  ^//ain 
specific  molecules,  which  I  have  called  ''  physiological  unit ..  *  ibe 
uj)titude  to  build  themselves  into  the  structure  of  the  or^-aT.u-iii  to 
which  they  are  i>e(uliar,  I  have  abandoned  my  own  princi)#Ic,  i.a.l 
have  assumed  something  beyond  the  re-distribution  of  ^lat^T  aai 
^lotion.  As  put  by  the  reviewer,  his  case  appears  to  be  well  m;:  ie 
out;  and  that  lie  is  not  altogether  unwarraute<l  in  so  put  in::  ir, 
may  be  admitted.  Nevirtheless,  there  does  not  in  reality  exi.st  the 
t>uj>|)osed  incoiiLiruily. 

l>efore  attem|)tiiig  to  make  clear  the  adequacy  of  the  concfpti'»n 
which  1  am  said  to  have  tneitly  abandoned  as  insuflirient,  b.t  me 
remove  that  excess  of  improl)ability  tlie  reviewer  gives  to  it,  i#v  the 
extremely-iotricted  meaning  »vilh  which  he  uses  the  word  mtcLani- 
cal.     In  di.<cu>.-ing  a  prcipt.-iijon  of  mine  he  ^ays : — 

**  H.Mlicn  <Mt«<  crtnin  rtir.aiksof  Mr.  r:jr:'t  on  th»^  pcniinn'/nt  "ff  .^'s 
wroujht  in  lli-'  \>\'  ""l  l.y  tlii'  |'";-(>ri  of  .^-t-  »:  !.i;  i;i\  :\i:-l  -•Tiri'l-jtox,  as  ju-:.: , . 
iiij.^  lii"  l>''li«-l  tl.:»l  >iuh  ;i  *jt.\\.-i'  -x^-ts,  aii<l  a;  triiiui"s  lh«'  rt".;i;r  «  :  \i 
wa-tfMl  ti.->:i<*  to  *  fo:  <-is  nji'il«'^«'ii  i  to  iJjo>»'  l>y  wliirli  a  crystal  r«-|ir*  •*!■.. ^^  * 
its  lost  ni"X.'  (N-irh'T  ol  wliich  i<lion«»iin  na,  hu'.vfver,  u  cxpUoabic  L-v 
nK'chanlcal  can-  .-'.)" 

Were  it  not  for  the  drliljerntion  with  which  this  last  statement  ii 
made,  1  ^lloMI;l  t;:ke  it  lor  a  .'■lip  of  the  pen.  As  it  L5,  hov%-ev(T,  I 
have  no  ronr^c  Irit  Init  to  :''!.'i.»-<»  the  reviewer  una\Nare  of  che  la-t 
that  n.«t;ri  !:!,  ;•  nriirn  ;  «  f  ;.!.  ki.i  !s  an'  now  not  only  cono  ivtvl  :»'? 
nH*cIia:ii«';:l  :irii<MH,  l)nt.  tliat  i':i  tMilat.nii>  l»>>,».|  ,ni  this  con«'ei»lii>ii  ^.f 
them,  Iniiiir  onl  tin'  rc-ul;>  ;hit  co:r.'  jmim.I  wiih  olj-rrvalion.  Thi*re 
is  no  kitui  Kii  n*-urraii/«i:Miit  anmii^^  molecules  (crystallizutiuu 
being    uue)    which    the    mudcro    physicist    Uucd    not    think     of, 
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1D(]  correctly  reason  upon,  in  terms  of  forces  and  motions  like 
thOiJe  of  sensible  masses.  Polarity  is  regarded  as  a  resultant  of 
Buch  forces  and  motions ;  and  when,  as  happens  in  many  cases, 
light  changes  the  molecular  structure  of  a  crystal,  and  alters  its 
polarity,  it  does  this  by  unpressing,  in  conformity  with  mechanical 
laws,  new  motions  on  the  constituent  molecules.  That  the  reviewer 
should  present  the  mechanical  conception  under  so  extremely  limited 
a  form,  is  tlie  more  surprising  to  me  because,  at  the  outset  of  the 
very  work  he  reviews,  I  have,  in  various  passages,  based  inferences 
on  those  immense  extensions  of  it  which  he  ignores ;  indicating,  for 
example,  the  interpretation  it  yields  of  the  inorganic  chemical 
changes  effected  by  heat,  and  the  organic  chemical  changes  effected 
by  light  (Principles  of  Biology^  §  13.J 

Premising,  then,  that  the  ordinary  idea  of  mechanical  action  must 
be  greatly  expanded,  let  us  enter  upon  the  question  at  issue — the 
sufficiency  of  the  hypothesis  that  the  structure  of  each  organism  is 
determined  by  the  polarities  of  the  special  molecules,  or  physiologi- 
cal units,  peculiar  to  it  as  a  species,  which  necessitate  tendencies 
towards  special  arrangements.  My  proposition  and  the  reviewer's 
criticism  upon  it,  will  be  most  conveniently  presented  if  I  quote  in 
full  a  passage  of  his  from  which  1  have  akeady  extracted  some  ex- 
pressions,   lie  says : — 

'*  It  will  be  noticed,  however,  that  Mr.  Spencer  attributes  the  possession 
of  these  'tendencies,'  or  'proclivities,*  to  natural  inheritance  from 
ancestral  organisms ;  and  it  may  be  argued  that  he  thus  saves  the 
mechanist  theory  and  his  own  consistency  at  the  same  time,  inasmuch  aa 
he  derives  even  the  'tendencies*  themselves  ultimately  from  the  environ- 
ment. To  this  we  reply,  that  Mr.  Spencer,  who  advocates  the  nebular 
hypothesis,  cannot  evade  the  admission  of  an  absolute  commencement  of 
or^^anic  life  on  the  globe,  and  that  the  '  formative  tendencies,*  without 
which  he  cannot  explain  the  evolution  of  a  single  individual,  could  not 
have  been  inherited  by  the  first  organism.  Besides,  by  his  virtual  denial 
of  spontaneous  generation,  he  denies  that  the  first  organism  w^as  evolved 
out  of  the  inorganic  world,  and  thus  shuts  himself  off  from  the  argumeut 
(otherwise  plausible)  that  its  'tendencies*  were  ultimately  derived  fro:j 
the  environment.'* 

This  assertion  is  already  in  great  measure  disposed  of  by  what 
has  been  said  above.  Holding  that,  though  not  "  spontaneously 
generated,"  those  minute  portions  of  protoplasm  which  first  dis- 
played in  the  feeblest  degree  that  changeability  taken  to  imply  life, 
were  evolved,  I  am  not  debarred  from  the  argument  that  the  *'  ten- 
dencies "  of  the  physiological  units  are  derived  from  the  inherited 
effects  of  environing  actions.  If  the  conception  of  a  ''first  organ- 
ism "  were  a  necessary  one,  the  reviewer's  objection  would  be  valid. 
If  there  were  an  "absolute  commencement"  of  life,  a  definite  lino 
parting  organic  matter  from  the  simplest  living  forms,  I  should  be 
placed  in  the  predicament  he  describes.  But  as  the  doctrine  of 
Evolution  itself  tacitly  negatives  any  such  distinct  separation ;  and 
as  the  negation  is  the  more  confirmed  by  the  facts  the  more  wo 


Enow  of  them;  I  do  not  Tccl  ibat  I  nm  flittuifiTed  bt  I 
difiiciilly.  Mf  rc|)ty  uii^lic  cii<l  bare ;  but  n.«  Uio  bjrpotbe^  it 
tion  is  one  not  easily  couceived,  and  very  kpt  to  he  misuodec 
I  will  attempt  a  fnrlber  cluciJ/ition  of  it. 

Much  evidence  now  conspires  to  show  Ihnt  innWnIrs  of  t 
Maaees  ve  call  eleiiiciitiir]'  are  in  rL'nlity  compnunil ;  an*]  I 
the  coDiIiination  of  tlicsu  with  one  arioUiE^r,  uiiU  ro-coiuliiuii' 
the  prodncts,  tliere  arc  rfiniicd  sy^jtciiiH  of  sj'ftttiii.t  of  inoI«-nlii 
ima^'naliie  in  their  coiuplt^xily.      Step  hy  ttnp  n^  tbn  ^pr 
molecules  so  resullinir.  gmv  larger  and  iniTeA^<e  In  (wtorogi 
Ihey  become  more  niixialilt^.  more  readily  tranifonnabto  I 
forces,  more  ca|>iible  of  aisuminf;  various  diaracten.  .  11k 
lio»iig  organic  matter  Iransueai]  all  otliers  in  siz6  and  intr 
Etrncture ;  and  in  llicm  tlieae  resulling  traits  reach  their  i 
Aa  implied  by  its  name  protein,  the  essential  substance  t 
argani^uis  are  bnill,  is  rcuiarkablti  alike  for  the  viuiely  of  I 
tnorphoees  and  tlie  facility  with  which  it  andergoes  lliem :  it  ei 
from  one  to  another  of  its  thonsaud  botneric  forms  on  the  fB| 
ehnngo  of  conditions.     Now  there  are  facts  warranting  t 
that  tliOHj^h  these  m  nit  it  ad  in  0113  isomeric  forms  of  prnt^  < 
nnile  directly  with  one  another,  yet  they  admit  of  being  1' 
gellier  liy  other  elciiieuts  with  which  they  combine,      j 
very  eiirnlGcant  that  there  are  hnbitiinlly  pre^iot  two  other  ele 
snlphnr  and  pha^phorns,  which  have  quite  special  powers  of  li 
together  many  equiviilcnta — the  one  being  pentntomic  utd  tl 
bcxatomic.     iio  tliat  it  la  a,  li^gitniute  supposition  (ju^Sed  b, 
gies)  that  nil  atom  of  sulphnr  may  be  n  bond  of  iinioa 
ti-dozcn  ditTerciit  isomeric  forms  of  protein;  and  simital 
phortis.    A  moment's  thought  will  show  that,  tettioa 
tboumind  isomeric  forms  of  protein,  tiui  makes  poiwib 
tliexe  combinations  almost  passing  the  power  of  figiir 
Motcenles  so  produced,  perhaps  exceciiing  in  1 
those  of  protein  as  those  of  prolem  exceed  those  of  b 
may,  I  conceive,  be  the  special  nntts  belonging  to  8_ 
organisms.     ]ly  their  coustitnlion  they  roust  have  «  ] 
svn^itjvonefI^  to  modifying  forw?,  far  Iwyond  llwl  of  f 
bearing  in  mind  n<it  only  that  their  varieties  ore  iiraciicalljr  1 
in  nimiber,  but  tlutt  clitxely  allied  forms  of  thcui.  i-lnmf 
diffttrentto  one  anuthivr  a«  they  iniii't  lie,  may  coexl»t  In  t 
■ggregate,  we  shall  Kee  that  they  are  titled  for  eoteriog  1 
limited  varieties  of  orgnnie  etructnrfis. 

The  existence  of  such  physiological  units,  peculiar  to  endi  1 
of   orjcnniMin,  is  not  unai.'counted  fur.     'I'hey  ore  erolnd  I 
laueously  with  tliit  evolntiun  of  tlic  nrgonifms  thry  rooim 
differentiate  as  fu«t  us  the.->e  org;mismK  dilfurcntiatc;  noil 
muliltadiiious  in  kiml  by  the  sauin  ailiuns  which  oiako  tli«  i 
thef  coui{iosc  luiiltitudiuoaa  in  Uind.    Tlii<  cooccptioa  It  t 
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represeatiLble  fn  terms  of  the  mecliaiiiciil  Iijpotliesis. 
p1i}'aiL-i.>t  will  eadorse  the  proposition  that  in  eaclk  aggregate  the 
tciiilj^  to  e:itabliiih  iteelf  an  equilibrium  bettveen  the  torcvt  «;(crci9CJ 
1)/  all  the  DDits  npoa  each  and  by  eacb  npoa  all.  Evea  iu  tnas^D 
oE  substance  so  rigid  as  iron  and  glass,  there  goes  on  a  niuleculitr 
re-arrangement,  slow  or  rapid  according  as  circamstances  faiiliui 
wliitli  eu<la  only  when  there  is  a  complete  balance  between  the  acliona 
the  \>Arta  on  the  whole  and  the  actions  of  tbe  whole  on  the  parts : 
implication  being  tliut  every  change  in  the  form  or  size  of  the  whoj 
Iii.-cca^tal09  some  redii^tribution  of  the  ports.  And  though  in  case* 
like  ibcse,  there  ocimrs  only  a  polar  re-arrangement  of  the  molecule^ 
without  changes  iu  the  nioioculcs  thomselres ;  yet  where,  as  often 
bap^iena,  there  is  a  passage  from  the  colloid  to  the  crystulloid  state, 
a  change  of  constitution  occurs  in  the  molecnles  themselves.  These 
truths  are  not  limited  to  inorganic  matter:  they  umjiioatiouably 
bold  of  organic  matter.  Aa  certainly  as  molecules  of  alum  have  a 
form  of  equilibrium,  the  octahedron,  into  whiih  t)ii<y  fall  when  the 
temperature  of  their  solvent  allows  them  to  aggregate,  so  certainly 
mnst  organic  molecnles  of  each  kind,  no  matter  how  com|)lex,  bavo 
a  form  of  equilibrium  in  nbich,  when  they  aggregate,  their  complex 
forces  arc  bulatieed — a  form  far  le^  rigiil  and  de6iiitc,  for  the 
reason  that  they  have  tar  le^s  detinile  polarities,  are  fur  more  nn- 
stable,  and  have  their  tendencies  more  easily  modified  by  cnrirouiug 
conditions.  K<inully  certain  is  it  that  the  special  molecules  having 
a  special  organic  structure  aa  their  form  of  eiguilibrioia,  must  be 
reacted  npoii  by  the  total  forces  of  this  organic  Blructnre ;  and  that, 
if  environing  uctious  lead  to  any  change  in  Ihis  organic  structure, 
these  special  molecult:!,  or  physiological  units,  subject  to  a  cbaiigj  ~ 
disiributjuu  of  tlie  totid  forces  acting  npon  them  wiU  ondeij 
modilication — raodilication  which  their  extreme  plasUcity 
render  easy.  By  thii  action  nod  reaction  I  conceive  the  phy< 
logical  units  peculiar  to  each  khid  of  organism,  to  have  I 
mouldeil  along  with  the  orgnnium  itself.  Setting  oat 
the  stage  in  which  protein  in  minnto  aggregates,  took  j 
those  Eimplest  d ilTe rent  iai ions  which  ttttcd  it  for  dilTerenf 
conditioned  parts  of  its  medium,  thoro  must  have  nncoa^in^^ 
gone  on  per|}etaul  re-adjustments  of  balance  between  aggregates 
and  Iheir  units— actions  and  roiictiuus  of  the  two,  in  which  tbo 

units  tended  orer  to  establish  the  typical  fono  proiluccd  by  acUons 

]j  aui  reiictious  in  all  antecedent  generations,  wlule  the  aggregate,  if 
changed  in  form  by  change  of  surrounding  conditious,  tended  ever 
to  impress  on  the  units  a  correspouding  change  of  pobrity,  causing 

kthem  in  the  next  gencralion  to  reproducu  the  changed  form — thfltr 
new  form  of  etpiilibrium.  ^" 

'I'liis  is  the  conccplioa  which  I  hare  sought  tt)  convi-y,  thovi 
ft  seems  luisuccutjfully,  in  the  Ih-inciplm  of  J!iolii^</;  niul  nhich^ 
hare  there  used  to  inttiiimt  the  many  mvulvcd  and  mysLerioll 
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p1inioinen&  of  Genesis,  H^arcdit;,  and  VaHatioo.  la  < 
ontj  uiii  I  conacions  of  having  go  i[uitlc(itintcl;r  cxptaiiMKl  i 
AS  to  (live  occasion  for  a  luisintcrpretiition — the  otw  aia 
the  irc-rtmiVwfer  reviewer  above  referred  to.  IW  liitn,  m  1 .  . 
owD  criiie,  it  is  alleged  that  in  the  idea  of  "iiihiTrait  Iea<lotioes* 
I  hiivo  iutrodiiced,  amiar  n  (!i*iri»so,  Uio  ci>n.-flptioa  of  "  tbt 
wchiyus.  vital  priiieijilo,  nws  /ormativoM,  tinil  so  on.'  TM 
ullcKalicin  is  in  pnrt  <indwer<;i)  bf  the  fon-goin^  ox|>U 
Tlmt  which  I  have  here  lo  ndd,  oiid  did  not  a(]cc|tnte|| 
plain  ill  tlio  Pn'iic')'!'--^  nf  JSinliijy,  b  that  the  jiroelivity  t ' 
of  each  order  townrda  the  sjieeilic  orranKeiueot  » 
organism  thejr  form,  is  not  to  bo  tinileritooi]  w 
from  liicir  own  etractnrea  and  aetlons  onlyt  hut  as  the 
of  thnso  nnri  tlio  eiivirojiinij  forces  to  which  they  an  i 
Organic  cvohitlon  tnkc8  pluce  only  on  condition  that  il»e  n 
protopln.'itu  formed  of  the  iihysiological  nlIit^  and  of  tbe  b 
materiub  ont  of  which  otliem  like  themselvea  are  to  b«  u 
Are  subject  to  heat  of  a  given  degree — arc  subject,  ibot  I: 
unceasing  impacts  of  ondulationa  of  a  certain  strenglb  aBd  f 
ami,  within  limits,  the  ra|iidiiy  with  which  the  pbfifolo 
pass  from  their  indehnite  arrangement  to  the  definite  n 
they  presently  assnme,  is  proportionate  to  the  streogths  1 
etberiivl  nndolations  foiling  npon  them.  In  Its  complete  Tonn,  tl 
the  conception  i:<  that  theKe  specific  molecules,  having  the  immewi* 
complexity  above  dnacribed,  and  having  correspoodenUy  cotaplex 
poIiiriiicK  which  cannot  be  mutually  balanced  by  any  s!uipl«  f 
of  iiggregntion,  have,  tor  the  form  uf  aggrogatioi  ' 
oU  their  furccs  are  eqailibrato.l,  the  structure  of 
orgnnisin  to  wlilch  they  belong ;  and  that  they  an 
to  full  into  this  structure  liy  the  co-opemtion  < 
vironing  forces  acting  on  them,  and  the  forces  they  exerrLto  o 
another — tlic  environing  forces  being  the  source  of  the  pou<er  4 
cBwU  the  re-nrrangcment,  and  the  polarities  of  the  motecoles  d 
mining  the  direelioa  in  which  tliat  power  is  turned.  Into  this 
cepliou  there  enters  no  trace  of  the  hj-pothesls  of  aa  '*  archsu  o 
vital  principle ;"  and  the  principles  of  molecular  jiliyHcs  fully  JtutSy  it. 
It  is,  hoivever,  objected  that  "the  living  body  ia  JU  derriop- 
tnent  presents  a  long  succession  of  differing  forms;  a  eootiaMd 
Mries  ut  changes  for  the  whole  length  of  which,  accordiuip  to  Mr. 
Spencer's  hjputhesis,  the  physiological  units  must  have  an  'hibarcBl 
tendency.'    Could  we  more  truly  say  of  anything, '  it  is  onr  "^^ 

Me  in  Ihoiightl  * "  I  reply  thai  if  there  is  taken  mto  on 
element  here  overlooked,  tho  pnH-css  will  not  be  found  ** 
seiilnble  in  thuughL"  This  ia  the  element  of  size  or  m 
lUtlL-iy  or  balance  tho  pohiritios  of  each  urder  of  physiokigi 
not  only  a  certain  slrucliiro  oF  organism,  bat  a  certoli  t 
oiguUm  is  needed)  for  the  compicxitia*  of  UuU  adult  ■' 
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In  which  the  pbysiologicnl  nnita  are  e^ntliliratctl,  caDnot 
[teprescutod  within  the  snail  bulk  of  itie  embryo.  In  n 
'  linute  orgnnisma,  where  the  whulo  mass  ot  ptiysiologicul  i 

^qairuiJ  for  Ibe  structuro  is  preseut,   the  Tory  thing  doa  tal( 
iluce  which  it  is  above  implied  ouyhi  to  tnko  pkce.    The  mu 
luiids  itscLC  directly  into  the  complete   form.    This  u  i 
Acai%  and  among  the  nematoid   EiUotoa,    Bnt  among    hight 
onimala  snch  direct  transformations   cannot  happen.     The  mat 
of  physiologieul  units  reqnii'cd  to  prodnce  the  size  as  well  wr 
tliB    ftruclure    that    approximately    equilibrates  them,  ia    not   all 
present,  but   baa    to    be  formed    by  succeesjre    additionB — addi- 
tions   which    in    viviparous    animuls   are    made    by   absorbing, 
and  transforming   iuto   tljc.^o   special    moleculea,   the  orgaoLzablftl 
materials   directly   Bupplied  by    tbo    parent,    and   which   in   i 
paraus   animals   ore   made   by    doing   the   like   with  the  of; 
izable  materials  in  the  "  food-yolk,''  deposited  by  the  parent  in 
same  envelope  vrtth  the  gonu.     Hence  it  results  that,  under  su^ 
conditions,  the  physiologiutU  nnits  wluch  first  aggregate  into  t' 
rudiment  of  the  future  orgitnism,  dg  not  form  a  structure  like  tT 
of  the  adult  organism,  which,  when  of  endi  small  dimensions,  d 
not  equilibrate  them.     They  distribute  thomiiclves  so  as  portly  to 
satisfy  tlie  chief  among  their  complcc  polarities.    The  vaguely-dif- 
ferentiated moss  thus  produced  cannot,  however,  bo  in  equilibrium. 
Each  increment  of  physiological  units  formed  and  integrated  by  te 
cbanges  the  distribution  of  forces ;  and  this  has  a  doable  effect. 
tends  to  modify  the  dilfercntiatioas  already  made,  bringing  t' 
step  nearer  to  the  equilibrating  structure;  and  the  physiologiq^ 
units  next  integrated,  being  brought  under  the  aggregate  of  poM 
forces  exercised  by  the  whole  mass,  which  now  approaches  a  staj 
Dciirer  to  that  ultimate  distribution  of  polar  forces  whtcfi  exists  fi 
the  adult  organism,  are  coerced  more  directly  into  the  ty])ical  a' 
Itnre.    Thus  there  is  necessitated  a  series  of  cotiipi'omisea.    Eaeli 

lecesaive  form  assumed  is  unstable  and  tmiisitional :  approach  to 

le  typical  structure  going  on  hand  in  iiond  with  approach  to  the 
i^ypical  bulk. 

Possibly  1  hafe  not  succeeded  by  tills  explanation,  any  b 
by  the  orii^lnal  explanation,  ui  making  this  process  "  represoutii 
ill  tliought."    It  is  manifestly  untrue,  however,  tliat  I  hav 
Jleiiiid,  re-introduced  under  a  disguise  the  conception  of  a  " 

Srinclple."  That  I  inlerjiret  eniijryonio  development  in  terms  \ 
latter  and  Motion,  cannot,  I  think,  be  questioned.  Whether  if 
ttiterjirctuUon  is  adequate,  must  lie  a  matWr  of  opinion ;  but  it  1 
oli^urly  a  matter  of  fact,  that  !  hare  not  fallen  iuto  the  inconsistenq 
ASderlod  by  your  reviewer.  At  the  same  limel  willingly  admit  lliH 
lu  tlio  absence  of  certam  statements  which  I  have  now  supplied,  il 
was  not  unwoiruuieil  in  representiug  my  coucepUoo  in  tbo  nay  tld 
he  hoi  doQO. 
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Bnt  nliite  I  consular  that  nhat  jtmr  rertewer  ban  taii  c 
two  essciitml  points,  falls  njthiD  tho  limits  of  legitimate  crtUct 
do  not  consider  tUnt  ho  i*  jnslified  in  much  that  be  i 
plication  roapecling  my  gcnoral  tiowb. 

In  the  first  pltice,  ho  convoja  a  totnlly  wrong  idtft  of  tbe  n 
of  interpretation  ho  criticize?.     He  gives  bis   renders  do  i 
cepiioD  of  tho  immcnso  extensions  vflikli  moilem  svieuni  ItaM  m 
of  iho  "  mcchaiiiuol  theory,"  uotr  sppiieil  to  the  tiululton  of  all' 
Giciil  pheuomona  whatcrcr ;  but  hu  li:is  ilcliberolely  rcxtrictrd  I 
plictitions  in  a  way  thut  produces  aa  appcamneii  of  diflicultv  ■ 
no  Oifficalty  exists.     Tbo  common  naea  uf  Uie  words  "humJim 
and  "  moehniiist,"  are  such  as  inevitably  uail  up  iu  all  mil 
notions  of  visible  mnsses  of  matter  acting  on  one  uuuther  h 
eurable  forces  ond  proilnciog  sensible  motions.     In  the  ul)» 
ex])lanntious  or  ilhistrntions  Borving  to  enlnrKe  llie  coBc«|itioi 
suggested,  so  OS  to  bring  within  it  the  oscilluliouit  of  tlie  ■ 
of  matter,  and  tlic  nmlutations  of  tho  iiiulecalus  of  etliar  p 
all  Fpaco,  oven  tbo  cultivated  reader  must  carry  wilb  1 
trcmcly  crndo  and  nnrrow  idea  of  the  "  uieclianist  ti  ~ 
not  fail  to  bo  struck  with  the  seeming  absurdity  of  li 
plicuoniena  in  mecliiinical  terms,     liut  the  reviei 
to  pi'cvcut  miaeonccptions  so  ariEiug.     Ue  gives  u 
ti-;ht,  Hnd  eleetricity,  are  now  all  recognised  as  "u 
tion;"  and  that  most  of  tbclr  phenomena  nrc  uieelianicallf 
pretod,  while  tho  rest  are  r^arded  as  mechanically  itiicrpra 
Ue  does  not  oxplubi  tliat  the  '■mcchauitit''  theory  iu  it<i  o 
sivo  form  ainbrnces  actions  such  as  thosa  by  whicli  rariat 
HOlar  FpoLs  caiiAu  varintions  in  our  magnetio  needlaa,  and  aetioi 
as  thoac  ttiruugb  whieb  Sirins  tells  ns  what  Bulkitunecs  are  Ct 
in  his  atinospiiero.     Tnio  he  nmkes  u  piuning  rvteronoa  tc  c 
changes  as  wjing  included  by  me  under  the  coneeptioD  of  mec 
but  bo  leaves  tiiis  as  a  <K'ail  ntateinenl  quite  utiiul«IU^lB  | 
general rcailrr;  nnd  in  thu  lj|ilciil  t-\!iriii>l«  hi- giverioF  my  d 
terjirotution  (tli<^  il  ■■.'■'■'liiiiii:  "i"  uri.ln.r  liv  i 
delilwrutcly  exi'lii'l      i!     i  ..  '.  .r..  i  r] 

I  imply  uacii-i>|><  I  i  ' 

entirely  to  lh<'  jim     u  ■      .mil  lli-I'.:.-.  r.ir.  ,-.|  _ 

metitsl  (Srit  p.  -l(iS).  In.-.u-;id  .it  III.!  dtveloped  , 
Matter  and  Motion  everywhere  implied  throughont  the  tt 
q/  itioLyg,  the  reviewer  lends  everyone  to  sappoBC  that  I  I 
bear  on  biological  prubli-ws  nolblug  beyond  the  vnlgar  ' 
Mailer  and  Molloir,  and  leuvee  me  renponsiblu  for  tbo  I 
incutigruily  I 

TliuL,  however,  wb!i-Ji  I  rogard  as  most  repr 
dsm  Li  the  way  in  which  be  [lersista  in  representing  li 
PUilumiiJiy  1  Bin  working  oat  us  a  materialistic  cystcoi 
has  once  bcloro  ks  represented  it,  and  tbe  injustice  o* 
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Big  (t  bas  been  pointed  ont     He  knotrs  that  I  tmrc  repentedly 
eiiiiitiBLicolIj  a.«serte(]  that  oar  coaceptioua  of  Matter  and  Molti 
■TG  but  s/mbols  of  no  Unknowable  Reality ;  that  this  Reality  uuin 
be  thiit  nbich  ne  symbolize  it  to  bo ;  and  that  ns  inaniFested  beyowf  I 
cottsdoo.'iDess  under  the  forms  oF  Mutter  and  &Iotion,  it  is  Ihu  sui 
IB  tlial  whioh,  in  consciousness,  is  nianifested  as  Feeling  and  Tlinni;! 
Vet  lie  contlnnes  to  describe  me  as  redacing  everything  to  d( 
mechanism.     If  his  slaleinent  on  pp.  883-4  has  any  meaning  nt 
ft  means  that  there  exists  some  "force  opemtiiig  all  trti-a,"  ei 
"external  power"  distinguish ed  by  him  as  " mechanical,'' wb 
not  inclnded  in  that  immanent  force  of  which  the  nniverse  is  a  i 
festation  ;  thongh  whence  it  comes  he  does  not  tell  as.     This 
ceptioD  be  s]ieaks  of  as  though  it  were  mine ;  making  it  scum  t 
ascribe  tlic  moulding  of  orgimisms  to  the  action  of  this  "  niiei:! 
cal "  "  ext«niHl  power,"  which  is  distinct  from  the  loscrutabie 
of  things.    Yet  he  either  knows,  or  has  nniple  means  of  knowing, 
I  deny  every  gnch  second  cause  :  indeed  lie  has  himselF  ela:iscd  mi 
0,0  opponent  of  dualism,     I  recognize  no  forces  within  the  organ! 
or  without  ttie  organism,  bat  the  vai'ionsly-conditioued  modes  of 
universal  immanent  force ;  and  the  whole  process  of  orgnnic  e 
tion  is  everywhere  attributed  by  nie  to  the  co-opcnilion  of  its 
oasly-condilicned  modrs,  internul  and  external.     That  tliis  has 
all  along  my  general  viei«.  is  cleurly  shown  in  the  closing  poragn 
of  Firat  Principla,  where  I  have  swd — 

A   Power  of  which  the  oaturs  remains  for  ever   inconceirable. 
to  wliiek  no  limiu  in  Time  nr  Sjiiua  enn  be  tmnsin«I,  norka  in  ua  coi 
.effncU.    TliPEo  clfi^eU  bare  ccrtaia  Uki^neBScs  cf  kind,  the  most  gonntol 
wluch  w«  «\am  tngtilbcr  unditr  tba  names  of  Mutter,  Uotion,  tvud  li'c 
•nd  between  theie  ufft^cts  th«ro  ora  likeD«B>c»  of  eouncction,  the 
constant  of  which  wu  cloM  a»  law«  of  the  hlglicst  eDriai(ii)r.    At 
tnlucci  thflie  MTcml  kinds  of  uSeat  to  one  kind  of  etZeot ;  and 
•I'vcrrvl  kindf  of  uniformity  to  one  kind  of  uniformity.    And  tho  h 
auhiflvcment  of  Scionoc  is  the  iuiarprclalion  of  all  ordon  of  pbontnu 
■«  dLffBren[ly-«oiulitioiiHd  mnuifi-atstioiiii  uf  thia  ou«  kind  of  cScct,  ui 
diffcronily -conditioned  laodtw  of  thli  one  kind  of  uuifurmity.     But  w 
Science  has  doue  this,  ll  hns  done  nutliing  mum  thnn  syitnmAtiKe 
mpcrienoB  ;  and  bnt  in  no  degrue  estnndcd  tlia  limils  of  our  expcrici 
yro    cun  say   do   more    tlinn   before,    whether   the  unitDraiitics  ore 
klsoliilcly   nnucsEsry,  as  tliey    have  lieoomo  to  our  thought  ralnlivf 
ueccsaory.    Tho   utmost  powibility   for  us,  la  mi   iiiterprclali 
~ii9oe«  of  tilings  aa  it  proicutd  itarif  to  our  limited  conwioi 
low  lhi>  proccra  ii  rclnted   to  the   (Mtual  procoM,  we  nra   iiimUte 
onoeivc,  much  Ii^b*  to  kuow.  Bimilnrly,  it  must  ho  remenitiC 

lint   while  the    conneotion   between    tlio   phiinoDiennl     order   tiiid 
otologioitl  order  is  for  ever  insorntAlile ;  so  !■  the  connection  lietwecn 
ondilicuied   forms  of  being  and  tlie  Doounditloncd  form  of 
«cr  inwriitAhk.    The  interpretAtionof  nil  phenomenix  <a  ttirmi 
lotiiin,  and  Force,  is  nothing  more  than  tho  rcduntlou  of  our  uo 
jtniliols  of  thought,  to  the  simplest  sj'mbols ;  and  when  (ho  cigiiiilii 
icon  brought  lo  its  lowest  term*  Uic  s^trals  ronuiia  symhulit  itill. 
br  Teoauiiiugs  contained  in  the  fuiPgoing  pages,  alTiinl  no  uujiin 
idler  of  the   anlagouiat   hypotheses   respecting  the   ulliinal'i  nauire 
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things.  Their  implications  are  no  more  mftteiiAllstie  fhma  ihfj  an 
spiritual istio ;  and  no  more  spiritual istio  than  th<^  are  tnmterialiftle. 
Any  argament  which  is  apparently  furnished  to  either  hypothesis,  is 
neutralized  by  as  good  an  argument  furnished  to  the  other.  The 
Materialist^  seeing  it  to  be  a  necessary  deduction  from  the  law  of  eorrela* 
tion,  that  what  exists  in  consciousness  under  the  form  of  feel  ins;  it 
transformable  into  an  equivalent  of  mechanical  motion,  and  by 
consequence  into  equivalents  of  all  the  other  forces  wliich  mattrr 
exhibits  ;  may  consider  it  therefore  demonstrated  that  the  phcnrim*?na  of 
consciousness  are  material  phenomena.  But  the  Spiritualist,  setting  out 
with  the  same  data,  may  argue  with  equal  cogency,  that  if  Uie  fom-s 
displayed  by  matter  are  cognisable  only  under  the  ahape  <rf  iho«e 
equivalent  amounts  of  consciousness  which  they  produce,  it  ia  to  !•« 
inferred  that  these  forces,  when  existing  out  of  conMiousness,  are  of  th<* 
same  intrinsic  nature  as  when  existing  in  consciousness ;  and  that  so  if 
justified  the  spiritualistic  conception  of  the  external  world,  as  consist  ins;  of 
something  essentially  identical  with  what  we  call  mind.  Manife^tly,~th4 
establishment  of  correlation  and  equivalence  between  the  forces  of  the  outer 
and  the  inner  worlds,  may  be  used  to  assimilate  either  to  the  other  ;  a^ 
cording  as  we  set  out  with  one  or  other  term.  But  he  who  rightly  inter- 
prets the  doctrine  contained  in  this  work,  will  see  that  neither  of  th'>«e 
terms  can  be  taken  as  ultimate.  He  will  see  that  though  tliu  rt.'laiion  «>f 
subject  and  object  renders  necessary  to  us  these  antithetical  couc»^ptii»nj(  of 
Spirit  and  Matter ;  the  one  is  no  loss  than  the  other  to  bo  regarded  as  but 
a  sign  of  the  Unknown  Ucality  which  underlies  both.*' 

This  is  the  concoption  which  your  reviewer  continnos  to  speak 
of  as  ''  inechanical "  and  *'*'  mechanist ;"  without  fi^ivin)^  his  rcaiien 
any  sus])icioD  of  the  qualified  sense  in  which  only  these  words  can 
be  applied.  If  he  thinks  that  by  doing  this  he  has  represented  the 
conception  with  fairness,  or  with  any  approach  to  foimesa^  I  coddoI 
agree  with  him. 

I  am.  Sir, 

Yours,  Slc^ 

HERBERT  SPENCER. 
London,  December  5, 186d. 
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SELECTION,  OR  THE  PRESERVATION  OF  FA« 
FORED   RACES    IN   THE    STRUGGLE   FOR    LIFE. 

From  sixth  and  last  London  edition.      2  vols.,  12mo.     Cloth,  ^0<X 

DESCENT  OF  MAN,  AND  SELECTION  IN  RELATION 
TO  SEX.  With  many  Illustrations.  A  new  edition.  12ma 
Cloth,  13.00. 

JOURNAL  OF  RESEARCHES  INTO  THE  NATURAL 
HISTORY  AND  GEOLOGY  OF  COUNTRIES  VIS- 
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EMOTIONAL  EXPRESSIONS  OF  MAN  AND  THE 
LOWER  ANIMALS.     12mo.     Cloth,  $8.60. 

THE  VARIATIONS  OF  ANIMAIJS  AND  PLANTS  UNDER 
DOMESTICATION.  With  a  Preface,  by  Professor  Mjl  Gray. 
2  vols.    Illustrated.     Cloth,  $6.00. 

INSECTIVOROUS  PLANTS.     12mo.    Qoth,  $2.00. 

MOVEMENTS  AND   HABITS   OF  CLIMBING  PLANTS. 

With  Illustrations.     12mo.    Cloth,  $1.26. 
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ARE  FERTILIZED  BY  INSECTS.  Revised  edition,  with 
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trations.    12mo.    Cloth,  $2.00. 

THE  FORMATION  OF  VEGETABLE  MOULD  THROUGH 
THE  ACTION  OF  WORMS.  With  Observations  on  their 
Habits.    With  IllustratiiHis.    12mo.    Cloth,  $1.60. 
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ON  FORMS  OF    WATER,  in  Clonds,  RiTcn,  Ice,  and  Glad 

With  85  Ulustrations.     12ma    Qoth,  $1.60. 

HEAT    AS    A    MODE  OF   MOTION.      New  ediUon.      12 

Cloth,  $2.50. 

ON  SOUND :  A  Course  of  Eight  Loctores  delivered  at  tlie  B< 
Institution  of  Great  Britain.      Illttstrated.    ISmo.     New   edit 

Cloth,  $2.00. 

FRAGMENTS  OF  SCIENCE  FOR  UNSCIElfTIFIC  PE 
PLE.     12mo.    Nevr  revised  and  enlarged  edition.     Cloth,  $2.5< 
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SCIENCE    AND   CULTURE,  AND  OTHER  ESSAYS.      Vktofk 

Cloth,  $1.50. 

THE  CRAYFISH:  AN  INTRODUCTION  TO  THE  STUDY 
OF  ZOOLOGY.    With  82  DluBtrations.    12mo.    Cloth,  $1.76. 

SCIENCE  PRIMERS  t  INTRODUCTORY.  18mo.  Flexible  doth, 
46  cents. 
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Professor  JOSEPH   LE  CONTE'S  WORKS. 

EVOLUTION    AND    ITS    RELATION     TO     RELIGIOUS 

THOUGHT.    By  Joseph  Le  Contb,  LL.  D.,  Professor  of  Geology 

and  Natural  History  in  the  UniTersity  of  California.    With  Dumei^ 
oua  Illustrations.     12mo.     Cloth,  $1.60. 

**Mach.  very  much  has  been  written,  eepecially  on  tbe  natnre  and  the  eri- 
dences  of  eyolation,  but  the  liierature  la  bo  volnminoas,  mnch  of  it  »o  fragment* 
ary.  and  most  of  it  bo  technical,  that  even  veir  inielligent  persons  have  still  very 
vagne  ideas  on  the  subject.  I  have  attempted  to  give  (1)  a  very  concise  account 
of  what  we  mean  by  evolution,  (3)  an  oatline  of  the  evidences  of  its  troth  drawn 
from  many  differeot  sources,  and  (8)  its  relation  tofandamental  leUgious  beliefs." 
^Extract  from  Ftffact. 

ELEMENTS  OF  GEOLOGY.  A  Text-book  for  Colleges  and  for 
the  General  Reader.  By  Joseph  Le  Comte,  LL.  D.  With  upward 
of  900  Illustrations.    New  and  enlarged  edition.    8vo.    Cloth,  $4.00. 

"  Besides  preparing  a  comprehensive  text-book,  ratted  to  present  demands. 
Professor  Le  Conte  hiu  given  us  a  volume  of  great  value  as  an  exposition  of  the 
subject,  thoroughly  ap  to  date.  The  exam  pics  and  Applications  or  the  work  are 
almost  entirely  derived  from  this  country,  so  that  it  may  be  properlv  considered 
an  American  geolo^.  We  can  commend  this  work  withoat  qualiflcatlon  to  all 
who  desire  an  intelligent  acqaaintanco  with  geological  science,  as  fresh,  lucid, 
fall,  anthentic,  the  resnlt  of  devoted  study  and  of  long  experience  in  teaching.** 
—J\fpulttr  Sdenee  MonUUy. 

RELIGION  AND  SCIENCE.  A  Series  of  Sunday  Lectures  on  the 
Relation  of  Natural  and  Revealed  Religion,  or  the  Truths  revealed 
in  Nature  and  Scripture.  By  Joseph  Le  Conte,  LL.  D.  12mo. 
Cloth,  $1.60. 

**  We  commend  the  book  cordially  to  the  regard  of  all  who  are  interested  in 
wliatever  pertains  to  the  discasslon  of  these  grave  questions,  and  especially  to 
those  who  desire  to  examine  closely  the  strong  fotrndations  on  which  the  Curls-, 
tian  fkith  is  reared.**— Boston  Journal. 

SIGHT :  An  Exposition  of  the  Principles  of  Monocular  and  Binocular 
Vision.  By  Joseph  Le  Conte,  LL.  D.  With  Illustrations.  12ma 
Cloth,  $1.50. 

"  Professor  Le  Conte  has  long  been  known  as  an  original  investigator  In  this 
department :  all  that  he  gives  us  is  treated  with  a  master-hand.  It  is  pleasant  to 
find  an  American  book  that  can  rank  with  the  very  best  of  foreign  books  on 
Ibis  subject.**— 7^  Nation, 

COMPEND  OF  GEOLOGY.  By  Joseph  Le  Conte,  LL.  D.  12ma 
Goth,  $1.40. 
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Cloth,  ^'i.riJ*. 

BODY  AND  MIND:  An  Inquiry  into  tbcir  Connocrir.n  a:..!  M  . 
Infliiciico,  sjKViaily  in  reference'  to  Mental  DisuiJcrs.  1  i<.l.,  1l 
Cloth,  ?1.50. 

rilY.S^IOLOGY   AND   PATHOLOGY   OK   MI.VD  : 

PnYSIOI-0(iY  OF  Tin:  .TIIND.  New  iHliii..n.  1  v  !  .  - 
Cloth,  $2.00.  C«»XTi;xT.-:  ChujJtcr  I.  On  the  Mitli.xl  of  ilio  >i 
of  the  MinJ. — II.  The  Mind  and  the  Ni.rvou5  i?yr:ti!u — III.  ' 
Spinal  Cord,  or  Tertiary  Nvrvoua  Centres;  or,  Norvi .'.:.■;  \\\\\ 
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